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Control of Fluorescent 
Screen Dot Size for Color TV 


Methods of fabricating dot fluorescent screens for color television mask-type tubes 
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are summarized, and the dot size control factors associated with the different 
methods are explored. Special emphasis is given to screening factors for focus 
mask-type tubes which have high-transmission masks. The tube and mask geom- 
etry is studied, and the effect of light-intensity gradients across the dot image as a 
function of light source size is considered. From these studies, and a knowledge of 
the physical characteristics of the binder and phosphor materials, an optical 
method of dot-size control is developed using photographic exposure time and 
light source size as the parameters. Lastly, annulus-shaped light exposure sources 
are considered and are shown to produce images having improved size control 


characteristics. 


ae THE PARALLAX mask-type color tube, 
a spherical mask containing approxi- 
mately 400,000 apertures in a triangular 
array is used as a masking member to 
ensure that each of the three electron 
guns writes its proper color on the 
screen. The screen consists of triads of 
red, green and blue phosphor dots 
aligned behind each aperture, making a 
total of 1,200,000 fluorescent phosphor 
dots. Due to parallax, each gun “sees” 
only its proper set of dots. Because each 
mask differs slightly due to variations in 
mounting, stamping, fittings, etc., the 
mask destined for any particular tube 
must be used in the fabrication of that 
tube. This non-interchangeability pre- 
vents the use of master plates in exposing 
the screen. In some types of mask color- 
tubes, such as post-deflection focusing 
types, the mask apertures are consider- 
ably larger than the nonfocusing type 
tubes. Because of this, it is difficult to 
control dot size, which control then 
becomes very important. This paper is 
concerned primarily with the screening 
problems of such tubes. In addition to 
dot-type screens and masks, some tubes 
have band-type screens and wire-type 
masks. 


Photoscreening 

The formation of tricolor phosphor 
screens on the spherical inside surface of 
cathode-ray tubes has been successfully 
accomplished only by direct photo- 
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graphic methods. The aperture mask 
destined for the particular picture tube is 
essentially the photographed member in 
fabricating its own screen. The screen is 
then an exact optical enlargement of the 
aperture mask. Photographic methods all 
depend on the photo-insolubilization of 
an organic colloid by light. Organic 
resinous colloids such as gelatin, gum 
arabic, carboxy methyl cellulose, poly- 
vinyl alcohol, etc., which are water 
soluble, become insoluble when properly 
sensitized and exposed to actinic light. 
An image of insoluble resin remains after 
the unexposed resin is dissolved and 
washed away. The usual resin used for 
fluorescent screens is polyvinyl alcohol. 
The aperture mask itself is made by this 
same type of photographic process, the 
resinous image acting as a resist to pro- 
tect parts of the mask from the action of 
the solution used to etch the apertures. 
The etching of line cuts and halftones in 
the graphic arts is also based on this 
process. 

Phosphors used in color television are 
insoluble inorganic crystalline powders 
whose average size is 3-10 uw which is 
quite coarse compared to color pigments. 
Suitable materials are zinc sulfide 
activated by Ag for blue, zinc silicate 
activated by Mn for green, and zinc 
phosphate activated by Mn for red. In 
making the screen, three methods are 
used : 

(1) The phosphor is dispersed in and 
applied with the photo-binder material. 

(2) The phosphor is applied first, say, 
by liquid sedimentation, and the photo- 
binder applied over the phosphor. The 
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resin in this case soaks between the 
phosphor grains and under the parts of 
the grains not touching the glass. In 
either case, the hardening of the binder 
fixes the phosphor. Since the phosphors 
are high refractive index materials, they 
reflect and scatter the exposing light, 
causing larger screen images and neces- 
sitating longer exposures to harden the 
resin layer clear through to the glass- 
resin interface. Of course, exposure is 
from the resin, rather than the glass, 
side. The glass-resin interface, receiving 
the least light, is the last to insolubilize, 
and if not fully insolubilized, the dots 
wash away. 

(3) The third method makes use of 
variations of the so-called “powder 
process” wherein the tacky surface of 
the resin is used to fix the phosphor. 
In this process, the clear binder is applied 
and is exposed just enough to insolubilize 
the resin, but not to fully harden the 
surface. Since there is no phosphor to 
absorb and scatter the exposing light, 
and since the resin needs only to be 
insolubilized but not hardened, short 
exposure times and images no larger 
than the projected optical image result. 
Then, after exposure, the phosphor may 
be applied by liquid sedimentation. 
When large aperture masks are screened, 
the third method gives the best control 
since the absence of light scattering 
phosphors can produce smaller images 
where such is necessary. 

The screening is repeated three times, 
once for each phosphor group. For each 
exposure, the exposing light is shifted to 
the positions to be occupied later by the 
electron gun beams. 


Methods of Screening Small Dots 


The screening of small aperture masks 
presents no difficulty as the screen dot is 
much larger than the aperture. As the 
apertures become larger as for focus 
mask tubes, screening becomes more 
difficult since the screen dot size remains 
constant. One mechanical method of 
screening large aperture (focus) mask 
tubes is to electroplate the mask to close 
up the apertures and then, after screen- 
ing, de-electroplate or chemically etch 
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away the plated coating, thus restoring 
the larger aperture size. Another me- 
chanical approach is to leave on the 
mask the photo-resist which is used in 
the original etching of the mask aper- 
tures. The mask apertures are made 
small, but after screening the mask is 
etched further to enlarge the apertures 
to the desired size and the resist is then 
removed. Interestingly enough, the 
photo-resist used in making the mask 
can go through the stamping operation 
necessary to form the mask into a section 
of a sphere without cracking or peeling. 
This method works quite well and is 
simpler than the first method. 

The simplest method of dot-size con- 
trol is an optical method involving con- 
trol of exposure time in conjunction 
with the proper choice of light source 
size, particularly if the clear resin 
(without phosphor) method is used in 
making the screen. 


Mask Geometry and Light Transmission 


Consider a tricolor dot-type screen 
composed of tangent screen dots of size p 
(Fig. 1). The aperture mask has aper- 
tures of diameter A with center to center 
spacing of /. The web w between aper- 
tures is then w = / — A (Fig. 2). Now 
consider the mask, screen and electron 
source relationships (Fig. 3). The pro- 
jected image p’ of A by an infinitesimally 
small electron or light source is 


(1) 


Along a horizontal row on the mask, the 
aperture-to-aperture spacing is V3 = 
—/3(w + A). The projected image of 


this equals VJ/3(w + a( and 


this covers three dots on the screen or 


+ = 3p 


The light transmission 7 of the mask is 


a? 
T= : 3) 
2/3 ( l ) 
In a straight shadow-mask tube, if there 
were no mechanical or electrical spread- 
ing or shifting of the electron beams, the 
aperture size A for a tricolor tube could 


l 
equal - and the mask transmission 


MASK 


L 


would become ——— X 100% or 30.2%. 


63 

To provide for tolerances, the diameter 
A of the mask aperture is reduced. This 
lowers the effective transmission to be- 
tween 11 and 14%. To increase the us- 
able mask transmission, the mask may be 
made to focus electrically the electron 
beam down in size, permitting larger 
sized apertures, and hence, more trans- 
mission and brightness. Gains of 2 to 3 or 
better in transmission (28 to 42%) for 
aperture-type focus masks to as high as 
90% in wire-type masks become possible. 
Focus masks of this type operate by 
using voltage differences to create a 
focusing field between the screen and the 
mask and may be used with or without 
an auxiliary collector mesh located be- 
tween the electron gun and the aperture 
mask. They are often called post- 
deflection focus-type tubes. 

In the usual 21-in. and 22-in. straight 
parallax mask color tubes, the mask 


Fig. 1. Phosphor-dot type 
of screen. 


aperture spacing / = 0.028 in., while the 
aperture diameter A is about 0.0105 in., 
giving a transmission of 12.7%. The 
projected aperture size p’, on the screen, 
is 0.01085 in., but for full utilization of 
the screen area, the dots should be 
enlarged to 0.0167 in. so as just to touch 
one another. Focusing-type masks may 
have apertures of 0.015 in. (26%) to 
0.023 in. (61%). (The collector, if used, 
reduces the final transmission to a lower 
value.) 


Geometry of Exposure 


In Fig. 4 a light source of size s is used 
to expose the screen. The image of 
aperture A cast by light source s con- 
sists of a center section p, which “sees” 
the entire exposing source light s, and 
hence is of constant intensity. An annulus 
of light of diminishing intensity exists 
around this area, the maximum size 
being p, where the light has dropped to 
zero. The diminishing intensity is caused 
by this portion of the image “seeing” 


C-d 


c 


lesser and lesser portions of the exposing 
light source s as the edge of the image is 
approached. This can be compared in 
reverse to the umbra, penumbra type 
shadow effect in astronomy. In this 
figure, p’ is the optical projection of 
aperture A, and would be the size of the 
image if an infinitesimally small-sized 
exposing light were used. 

It will be instructive to define ana- 
lytically the boundaries of the hole 
penumbra: 


= — ap (4) 


and 
Ap = s from (1) 


O | 


Fig. 2. Aperture mask for dot 
screen. 


+ 


Fig. 3. Projective enlargement of mask 
apertures. 


Therefore, 


Ac — ds 
Likewise, 
— Ac + ds 
p=p'+ap= (7) 


We can then obtain the size of the light 
source s either from (6) or (7). 


d 
— plc — d) — Ac 
d 


(8) 


The size of the web w between aper- 


LIGHT INTENSITY 


Fig. 4. Light-exposure geometry for a single aperture. 


ALONG SCREEN 


Fig. 5. Light-intensity variations along screen for two pro- 


jected apertures. 
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Fig. 6. Light-intensity curves for different-sized light sources. 


tures affects the range of dot sizes obtain- 
able. The shadowing or graduated image 
depends upon the web partially shadow- 
ing the image exposure light. Consider 
the illustration in Fig. 5, p’ and w’ are 
the projected images of aperture A and 
web w, and 


wo’ = w 
c—d 


It is seen that the images from adjacent 
apertures overlap in this case. Over- 
lapped images should be avoided if at all 
possible. To avoid overlap, the web 
image w’ must be equal to or greater 
than the image enlargement caused by 
light source size s. 
For no image overlap 


Ap Sw’ 


or 
sw 


d 
(11) 


The ratio of web to aperture is thus seen 
to be quite important since the maxi- 
mum and minimum dot sizes for no 
overlapping of the images become 


(9) 


(10) 


pr = (A + w) (5 


= (A — w) 


The smaller the web, the less the range 
of dot size obtainable by exposure con- 
trol. If the web is equal to the aperture 
A, then by using a light source size s to 
give Ap = p’, we can have a range of dot 
sizes from zero to 2 p’ 


= p'— 4p=0 
pl = p' + Ap = 2p’ 


(12) 


(13) 


(14) 
(15) 


Since the light source size s = Ap (: na “) 


Ac 


7 in this case (16) 


Equation (8) gives the minimum light 
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source size needed to obtain small dots 
by exposure control. Larger-sized light 
sources may be used with proper inter- 
mediate exposure to obtain the same 
size of screen dots. 


The Light-Intensity Gradient 


Small dots can be produced by en- 
larging the light source by different 
amounts, but larger source sizes make 
the image dot size very sensitive to 
exposure conditions. The light distribu- 
tion across the phosphor screen plate 
must be quite uniform, and variables 
affecting the binder sensitivity must be 
controlled since sensitivity varies with 
humidity, sensitizer concentration, layer 
thickness, etc. The question must be 
asked — what factors render the expo- 
sure least susceptible to variations in 
light intensity or photo-binder sensi- 
tivity? A choice in the size of the light 
source must be made, since a larger-sized 
light source at a given exposure may 
yield the same correct size of dots as a 
smaller source at another exposure. 
Consider Fig. 6 illustrating light sources 
Si, $2, 53, S5¢ and their corresponding re- 
sultant distribution of light across an 
individual screen dot. In this figure 


p’ = projected aperture size A (3) 


1; Ps = Maximum image size 
for sources 51, 52, 53, $4 


1, 2, 3, 4 are the light-intensity curves 
for sources 5, $2, 53, 54 


fp = desired dot size on screen 


where py = + Apn a 
Ac + Sad 
c—d 


Here p, = 2p’ and p: = p’ and fs 
being in between p; and f4. 


(n = 1, 2,3 or 4) 


It is evident that the correct dot size p 
can be obtained by only the three light 
sources 52, 53, 54 (s1 yielding only a dot of 
size ~:) by proper exposure; where the 
insolubility threshold of the photo- 
binder is at the edge of the desired dot 
size. However, the rate of dot-size vari- 
ation with exposure is a function of the 
gradient or slope of the light distribution 
across the dot. Curve 1 has the steepest 
gradient and will produce the least dot- 
size variation, while curve 4 produces 
the most. This can be seen better by 
replotting this graph in terms of recipro- 
cal intensity units. By the reciprocity 
law, the exposure time necessary 


t=E,/I (17) 


where J] = intensity, ¢ = time, E, = 
exposure threshold. 

Figure 7 shows image size as a function 
of exposure time for a given insolubility 
limit. To produce a dot of size p, smaller 
than p’, source sizes 52, 53 or s4 may be 
used; the exposure times then will be fs, 
ts and ¢t,, respectively. The least sensitive 
of these three to exposure variations is 
seen, by inspection of Fig. 7, to be the 
curve with the steepest slope, No. 2. 
The source size for this case 52 is obtained 
from equation (5). 


(34) 


which is the minimum size light source 
as well as yielding the steepest slope. 
Considerably larger-sized sources make 


(18) 


a 
2-T™ 

3 
4+ 
1 
1 
+ 


SIZE OF IMAGE 


Fig. 7. Image size as a function of exposure time. 
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Fig. 8. Light-intensity curves for annulus-type light sources. 


the screen-dot size very sensitive to 
exposure and_ sensitizing conditions. 
The same equation can be given in 
terms of A, /, and w, the mask parameters 
used in practice as follows: 


For dots larger or smaller than the 
projected aperture p’, the least variation 
of dot size with exposure can be obtained 
from the above equations, with due 
regard to sign. In the enlargement case, 
the dot is less sensitive to exposure vari- 
ations, because the slopes are steeper as 
the asymptote lines are approached. In 
actual practice, the source size should be 
somewhat larger than that given above. 
For small dot exposure, this is necessary 
to avoid operating too close to the ex- 
posure threshold where variations of 
exposure can cause dots to wash away. 
For large dot exposure the source size 
should be larger so as to reduce the 
exposure time. 
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Annulus-Shaped Light Sources 


The preceding analysis applies par- 
ticularly to uniform-intensity circular 
light sources as generally used. It is 
evident that the greater the aperture size 
A in relation to screen-dot size p (other 
parameters being unchanged) the larger 
the light source size s required. This 
produces lower light-intensity gradients 
in the dot images and makes the control 
of dot size more susceptible to exposure 
and sensitivity variations. The use of 
light sources other than the uniform cir- 
cular ones considered can produce 
larger light-intensity gradients and may 
be used where such may be desirable. 
An annulus ring of light of proper pro- 
portions will produce such an effect. 
Figure 8 is a composite illustration of the 
light distribution of five annulus light 
sources of size s and having inner con- 
centric areas s’ blocked out. The blocked 
out portions s’ reduce the amount of 
light available and require longer 
exposure. In Fig. 8 these curves have 
been normalized to constant height. 
In curve 1, s’ = 0 and the light source 
is the same as previously described and of 


uniform intensity. In curve 2, s’ = 5/4; 
in curve 3, s’ = s/2; in curve 4, s’ = 
3/4s, while in curve 5, s’ = s (an 
infinitesimally thin ring of light). Note 
that as s’ becomes larger and approaches 
s, the slope of the light-intensity curve in 
the vicinity of the boundary of the 
desired dot size increases and ap- 
proaches « as s’ approaches s. Such a 
light source can prove desirable in some 
cases. 


Conclusions 


The optical control of dot size is shown 
to depend upon the size and shape of the 
exposing light source, the exposure time 
and the presence or absence of phosphor 
materials in the photo-binder during 
exposure. Various sizes of exposing light 
sources may by proper exposure-time 
control yield the same correct-sized 
screen dot. By the proper selection of the 
exposing light size the desired screen dot 
size can be obtained with least suscepti- 
bility to process variations. The use of 
clear photo-binders make possible smaller 
dots because of the lack of light scattering 
and image enlargement by the phos- 
phors. Annulus-shaped light sources are 
shown to have better process control 
characteristics than uniform-intensity 
sources. 
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The Luminance of Subjective Black 


The subjective phase of tone reproduction requires a knowledge of how the eye 
reacts, that is, the visual response under a given set of conditions. Two instruments 
which have proven useful for obtaining this knowledge are a visual sensitometer 
and an adaptometer. The particular response investigated and reported is the 
luminance of subjective black, which may be defined as that value of luminance 
which is just too low to produce a perceptible visual impression under the lumi- 
nance distribution existing in the scene being viewed. A fairly simple empirical 
scheme is proposed for predicting the luminance of subjective black from two 
easily measured quantities: the luminance of the fixation point and the average 


scene luminance. 


‘Le SUBJECTIVE IMAGE of an object or 
scene, formed by the eye and the com- 
plex nervous syster’ of which it is a part, 
is affected by many factors. One factor 
of considerable importance which, in a 
large measure, controls the sensitivity 
of the eye is adaptation or adjustment 
to the intensity and quality of the stimu- 
lating light. In the laboratory, adapta- 
tion can be quite rigidly controlled, but, 
in viewing an ordinary scene, the con- 
verse is true. Particularly out-of-doors, 
the lighting is seldom constant, and an 
infinite variety of luminance patterns is 
encountered. As the eyes sweep from 
point to point in the field of view, the 
adaptation level is continually changing 
and becomes a function, not only of the 
average luminance of the scene, but 
also of the luminance of the point of 
observation. A convenient and not too 
difficultly determined indicator of the 
state of adaptation is the threshold of 
vision under the particular viewing con- 
ditions. This indicator we have chosen 
to call “the luminance of subjective 
black,” and its measurement, together 
with some of the conditioning factors, 
is the purpose of this paper. 

The experimental technique described 
in an earlier paper’? has been followed 
with some extension and modification, 
in the present investigation. A part of 
the earlier paper reported an attempt to 
correlate data obtained in the labora- 
tory with measurements in the field. 
The agreement between the two was not 
satisfactory, and therefore the present 
study was undertaken in an effort to 
resolve the differences. Previous labora- 
tory measurements were made with a 
test field of 2°, and the field of the adap- 
tometer subtended an angle of but 22’ 
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at the eye. Since there is considerable 
evidence that the size of the test field 
affects visual performance, one of the 
first problems was to determine its 
effect on the luminance of subjective 
black with surround luminance as a 
parameter. 


The Visual Sensitometer 


For this work, we employed the visual 
sensitometer previously mentioned,! 
which provides a means of rigidly con- 
trolling the luminance pattern of a visual 
field consisting of two parts, the “test 
field” and the “surround.” 


The sensitometer is basically half of a 
1-m sphere (Fig. 1). Its inner surface 
is painted a matte white and is uni- 
formly illuminated through a variable 
slot by an annular arrangement of 
lamps. With this arrangement, lumi- 
nances up to 1000 ft-L are possible. 
The observer’s eyes are located near the 
geometric center of the sphere and _ his 
head is held in position by an adjust- 
able chin-and-forehead rest. Vision is 
binocular and, since it is unrestricted 
by artificial pupils, it corresponds to 
the actual manner in which the eyes 
are used when viewing a scene. The 
field of view is completely illuminated 
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because the hemisphere has a conical 
cover with enough of the apex removed 
to allow the head to be partly admitted. 
The visual field then subtends an angle 
which, in some directions, is slightly 
more than 180°. A port in the center 
of the hemisphere permits the insertion 
of apertures of various diameters, and 
these apertures admit light from an 
optical bench at the rear. Intensity of 
light from the bench is controlled by a 
turret of neutral-density filters and by a 
neutral-density wedge. A rotating sector 
interrupts the light so that it can be seen 
x sec each second. This time interval 
was chosen as being sufficiently long to 
allow perception of the flash with 
negligible effect on the adaptation of the 
eyes. 

The observer sees a small, dark, cir- 
cular spot in the center of the large, 
uniformly illuminated surround. This 
spot is physically black except when the 
sector admits light. By means of remote 
controls, the observer can reduce the 
luminance of the flashing light until it 
just disappears. When the point of dis- 
appearance is reached, the correspond- 
ing wedge position is recorded auto- 
matically by a tape perforator. The 
luminance of the test spot at disappear- 
ance is the luminance of subjective black 
for the existing surround. 

Since it seemed desirable to confine 
the measurements to a determination of 
the threshold without the complication 
of working against time, the subject was 
allowed as long as he wished in making 
his judgments. Ten settings were made by 
each observer for each size of test 
field and surround luminance. The 
luminance of subjective black was 
plotted as a function of aperture size for 
surround luminances of 0.0 to 3.18 log 
ft-L (Fig. 2). The figure demonstrates 
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Fig. 1. Horizontal section of modified visual sensitometer. 
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Fig. 2. Luminance of subjective black as 
a function of surround luminance and 
aperture size. 


that the luminance of subjective black is 
indeed quite sensitive to the size of the 
test aperture since the threshold lumi- 
nance increases approximately 0.6 log 
unit for a decrease of the test field from 
2° to 22’. 


The Adaptometer 


For the purpose of measuring the 
threshold under field conditions, the 
adaptometer described by Lowry! was 
modified somewhat. Figure 3 is a dia- 
gram of the modified instrument. In the 
previous instrument, the luminance of 
the test spot was controlled by adjusting 
the lamp current, while, in the new one, 
control of intensity at constant lamp 
current was achieved by rotating a 
Polaroid filter with respect to a second, 
stationary filter. Both Polaroid filters 
were located between the lamp and the 
ground-glass viewing screen. Rotation of 
the Polaroid filter was accomplished by a 
pair of Selsyn synchromotors. One of the 
pair, the slave Selsyn, was attached to 
the movable Polaroid filter; and the 
other, the master Selsyn, was located on 
the control panel. A circular scale 


Fig. 3. Adaptometer and control board. 


divided into 100 equal parts and fastened 
to the master Selsyn was calibrated 
throughout its length in footlamberts, by 
measuring the luminance of the adap- 
tometer spot with a modified Macbeth 
Illuminometer.* 

The dimensions of the adaptometer 
tube were such that it subtended an 
angle of 22’ at the eyes of the observer 
at a distance of 25 ft. In Fig. 4 the 
adaptometer is shown on its tripod set up 
so that the tube is in line with the fixation 
point in the scene. The observer, viewing 
binocularly (Fig. 5), adjusted the lumi- 
nance of the test spot in the adaptometer 
and at the same time turned the lamp 
current on and off with a microswitch 
until the light could no longer be seen 
flashing. The luminance of the test spot 
at disappearance was that of subjective 
black for the particular point in the 
scene. 

The actual luminance of the area 
immediately around the fixation point 
was measured with the modified Mac- 
beth Iluminometer. The Illuminometer 
was fitted with a well-baffled telescope 
which reduced the field of view to 
approximately }°. 

A 5- X 7-in. camera set up near the 
control panel was used for making a 


Fig. 4. The adaptometer, as seen by an observer. 
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negative of each scene, and the exact 
locations of the fixation points were 
recorded on a sketch made on a diffuse 
overlay covering the ground glass of the 
camera. During the measurements, the 
average scene luminance was monitored 
by an exposure meter clamped to the 
camera. 

Measurements of subjective black 
were made by two observers, and five 
settings were made for each fixation 
point. From five to ten fixation points 
were selected in each scene. Photographs 
of five of the nine scenes visited are 
shown in Figs. 6-10. The small circles 
on each indicate the position of the 
fixation points. 

Figure 11 is piot of all the luminances 
of subjective black for the nine scenes 
observed in the field during the current 
investigation, against the luminance of 
the area immediately surrounding the 
fixation point. The scatter of points 
represented on the graph is much the 
same as that found by Lowry.' On the 
same graph are plotted curves repre- 
senting the thresholds for 22’ and 2° test 
apertures with a full surround of 180°, 
derived from the data of Fig. 2. 

A straight line drawn through the 
scatter of points in Fig. 11 intersects the 


Fig. 5. The adaptometer, control panel and observer. 
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curve for 22’ at a value of surround 
luminance quite near the average of all 
the average scene luminances. It appears 
that the field data agree fairly well with 
the laboratory data for a full surround 
when the fixation point in the scene has 
the same luminance as the average 
scene luminance, and when the test 
apertures are the same size. When the 
point of fixation has a lower luminance 
than the average scene luminance, the 
threshold is higher than one would 
expect. Similarly, when the point of 
fixation has a higher luminance than the 


Fig. 6. Scene 5. 


Fig. 8. Scene 7, 


average scene luminance, the threshold 
has a lower value than would be ex- 
pected. 

The statement in the preceding para- 
graph suggests an empirical approach 
to the problem of predicting the lumi- 
nance of subjective black for any scene, 
as follows: Figure 12 is a replot of Fig. 11 
with the data points omitted. The inter- 
section, C, of line D and Curve A occurs 
at the average scene luminance. Other 
lines may be drawn parallel to line D for 
different average scene luminances. 
Once the line has been chosen, predicted 


Fig. 9. Scene 8. 


thresholds can be read from it. The data 
from all scenes have been treated by this 
empirical method and plotted in Fig. 13, 
with the predicted thresholds as ordinate 
and the observed thresholds as abscissa. 
If the correlation were perfect, all points 
would have fallen on the straight line. 
In order to apply this method, only 
two field measurements are necessary, 
namely, the luminance of the fixation 
point and the average scene luminance. 

As a test of the method, the luminance 
of subjective black was measured for two 
additional scenes. These were in rather 


Fig. 11. Field data for 
Scenes 1 to 9. Labora- 
tory data for a uni- 
formly illuminated 
surround filling the 
full visual field (180°) 
and for central test 
apertures of 22’ and 2 
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Fig. 12. Empirical method for predicting 
the luminance of subjective black for 
any fixation point in a scene. 
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Fig. 13. The luminance of subjective 
black predicted on the basis of an 
empirical scheme vs. observed values. 


heavily shaded areas, so that the average 
luminance was lower than for those from 
which the data in Fig. 11 were obtained. 
The results have been plotted in Fig. 14. 
Lines A and D are the same as those in 
Fig. 12, while those labeled 11 and 12 
have been drawn parallel to D, inter- 
secting line A at the value of average 
luminance for Scenes 11 and 12, respec- 
tively, and, according to the method 
suggested, represent the locus of the 
predicted values of subjective black for 
any fixation point in the particular scene. 
The open circles are for those measured 
in Scene 11 and the dots for those in 
Scene 12. Although there is some vari- 
ation between predicted and observed 
values, the agreement is sufficiently good 
to indicate that the idea is basically 
sound. 

The authors believe that the approach 
suggested is significant, not only for 
threshold problems, but for others in the 
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Fig. 14. Field data for Scenes 11 and 12. 
@ = Scene 11,0 = Scene 12. 


field of vision. Most data which have 
been published on visual acuity, contrast 
sensitivity, etc., have been determined 
for uniformly illuminated surrounds. 
The ability of an observer to detect a 
luminance difference in a complex scene 
or to recognize detail might well be 
studied by a similar method. 

It is rather generally accepted by 
workers in the field of vision that the 
luminance within a few degrees of the 
fixation point is particularly important 
in governing visual sensitivity.4~* During 
the present investigation, additional 
experiments were performed on_ the 
visual sensitometer to determine the 
effect of areas outside the fixation point 
on the value of the threshold. A series of 
masks was arranged in the hemisphere of 
the sensitometer to reduce the size of the 
surround from its full value of 180° to 
values as low as $°. Figure 15 is a plot of 
threshold luminance against surround 
angle with three different surround 
luminances as parameters. The three 
curves have almost the same shape and 
demonstrate that the area within a few 
degrees of the fixation point has the 
greatest influence on the value of the 
threshold. 

In order to form a better idea of the 
contributions made by various areas in 
the surround, the curve for 2.0 log ft-L 
has been divided into three equal log 
threshold increments, beginning at }°. 
The starting point of 4° was chosen 
because it represents the area photom- 
etered by the [luminometer for each 
of the fixation points in the field, and 
because all curves have identical shapes 
above this point. From this division, 
it can be seen that the area from }° to 
ts has about the same effect on the 
value of the luminance of subjective 
black as the area from °° to 8°, which, 
in turn, is about as effective as the re- 
maining area of the visual field, i.e., from 
8° to 180°. In other words, although the 
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Fig. 15. Luminance of subjective black 
as a function of surround angle and 
luminance. 


luminance within a few degrees of the 
fixation point is particularly important 
in governing the threshold, if there are 
significantly higher luminances in the 
peripheral areas of the scene, they may 
become large contributors to the value 
of this same threshold. The curves sug- 
gest that measurements of surround 
luminance averaged for angular areas 
less than the full field would perhaps 
provide an even better basis for the pre- 
diction of threshold luminance. 

The authors wish to emphasize that 
the data reported are based on measure- 
ments by two observers and therefore are 
not claimed to be those of a standard 
observer. Many more data for many 
observers and scenes would be required 
in order to establish a standard. 
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Discussion 

K. B. Benson (Session Chairman): Did you make 
any investigation of the influence of color on 
these responses? 


Mr. Lowry: No, that has not been done as yet, 
but it is a natural sequence. 
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Television as a Military Intelligence 
and Communications Medium 


The continuing need for a more efficient intelligence system in the modern Army 
is focusing attention on television as a basic means of communication. This paper 
summarizes some of the proposed applications for military television in combat, 
describes types of current iterim mobile television units, and presents recent 


maneuver utilization of two units. 


Ox. OF THE main differences between 
military and commercial television is the 
military requirement for a higher quality 
resultant for intelligence interpretation, 
even though the system may be operating 
under extremely adverse conditions. 
Military television as an immediate audio 
and visual means of communication 
between all echelons of command ap- 
pears to be highly desirable; however 
several limiting requirements exist. 

High equipment mobility and rugged- 
ness are essential. Four requirements are 
of special importance: 

1. Portability: Weight and size should 
be kept to a minimum. Complete TV 
camera chains and transmitters must be 
carried as easily by jeeps and in the 
same manner as army radios are carried. 

2. Durability: The TV system must 
sustain treatment that is equivalent to 
that which other tactical military com- 
munications can endure. 

3. Power consumption: The problem is to 
generate enough power with no sacrifice 
of portability. 

4. Weather and fungus proofing: Equip- 
ment must operate efficiently under any 
climatic condition. 


Two other considerations, protection 
against jamming and the method of 
propagation, must also be considered by 
the military. 

The method of propagation has two 
extremes, the microwave-type consisting 
of a very narrow beam and a uniform 
distribution type having a 360° radiation 
pattern. Microwave propagation has a 
“line-of-sight” prerequisite that, with 
present equipment and facilities, is often 
impossible to obtain under fast 
tactical field conditions. When this pre- 
requisite is obtained, however, distances 
of 25 miles may be realized. The strict 
“line-of-sight” requirements make cover 
and concealment difficult, since the 
reflecting parabolic dishes of the micro- 
wave systems must be above the sur- 
rounding vegetation. To obtain line-of- 
sight often requires towers of consider- 


Presented on May 4, 1956, at the Society’s 
Convention at New York by Lt Col Norman 
Gray (who read the paper) and Lt James C. 
Jangarathis, Army Pictorial Center, Television 
Div., 35-11 35th Ave., Long Island City 1, N.Y. 
(This paper was received on April 2, 1956.) 


able size. Tower construction at the 
present time is time consuming and 
lends itself to a semi-fixed type of in- 
stallation. New hydraulic telescoping 
towers may solve this mobility problem 
very shortly. Since microwave is highly 
directional, having a beam width of 
approximately 2.5°, and transmits in 
most tactical applications from forward 
areas toward rear echelons, the ability 
of the enemy to intercept these signals, 
while possible, is limited. 
Semidirectional and uniform radiation 
patterns, moving toward the other end 
of the “methods of propagation’’ scale, 
do not require strict line-of-sight and can 
penetrate wooded terrain. The operating 
range of ground-to-ground transmission 
is, however, very limited, being 5 to 7 
miles with present equipment. Telescop- 
ing antennas and high-power output 
transmitters are being investigated for 
increased range. One outstanding ad- 
vantage of this method of propagation is 
the capability of transmitting on the 
move. This method is the one used by 
airborne TV pickup stations. A serious 
disadvantage is the fact that the enemy 
can intercept the signal without great 
effort on his part. Coded signals and pre- 
planned orientation of pictorial informa- 
tion may combine to decrease this 
possible intelligence leak considerably. 


Background of Army Television 


In 1948, the Signal Corps contracted 
for the construction of the first Army 
mobile TV system. The tactical situa- 
tions in which the original unit could be 
used were highly restricted because of its 
great size and weight. 

In December 1952, steps were taken 
to obtain the first tactical-type unit. 
The mission of this unit was to study and 
evaluate the employment of television in 
tactical situations. 

A requirement for high-quality kine- 
scope recordings for training purposes 
and troop information also became 
apparent. The low-cost kinescope method 
of producing training and information 
films brought about the establishment of 
Studio F at the Army Pictorial Center, in 
1952. This studio is equipped to record 
on 35mm black-and-white film. Quality 
closely approximating that of standard 
filmed productions is being attained. 


By NORMAN GRAY 
and JAMES C. JANGARATHIS 


The Army Pictorial Center is now 
investigating military field applications 
with field units. 


Reconnaissance and Surveillance 


It is axiomatic that a commander 
requires an accurate and timely estimate 
of the tactical situation to help him make 
the proper decision during combat. 
Television, properly used in tactical 
applications, can provide immediate 
visual information of critical areas and 
activities to the commander and his 
staff. Television systems mounted in 
light aircraft, in tanks, and in light 
trucks, are now being evaluated to 
determine the technical characteristics 
and utilization that is possible for each 
of these operations. Small planes 
equipped with TV cameras and trans- 
mitters can fly over areas about to be 
invaded, to furnish required information 
such as last-minute engineer reconnais- 
sance of a critically located bridge. Tele- 
vision equipment mounted in jeeps and 
tanks can be attached to front line 
spearheading elements. This type of TV 
pickup station could transmit visual 
information of bridges, road blocks, 
general terrain features, captured equip- 
ment, etc., relaying to the commander 
an accurate pictorial description of 
selected portions of the front line situ- 
ation. 

Television equipment mounted in 
pilotless tanks may avoid traps into 
which our forces may fall and may en- 
able the armored force commander to 
use the remotely controlled tanks as 
forward scouts, giving him immediate 
information. Immediate accurate data 
as to the results of bombing attacks or 
artillery preparations can be supplied to 
help ensure the most efficient use of our 
striking forces. 

The control of artillery fire calls for 
accurate and continuous outpost in- 
formation. During World War II, L-4 
and L-5 observation planes frequently 
performed this mission, at times flying 
almost directly over the target area. 
This same fire control information can be 
obtained by pilotless planes (drones) 
which have TV equipment. Decisions 
can be made with greater speed and 
accuracy by army, corps, or division 
artillery commanders if they see for 
themselves an immediate action picture 
of the target area during the attack. 

Message traffic, weather information, 
requisitions, and all other types of 
military communications must be re- 
layed promptly and efficiently before 
and during combat actions. 

A slow-scan vidicon TV system is 
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Fig. 1. Combat television system layout. 


available, and being further improved, 
whereby duplicate copies of messages, 
photos, and all types of data information 
can be transmitted to a distant receiving 
site. The transmitting end of this system 
consists of a slow-scan vidicon camera, 
control equipment having a technical 
control monitor, and a_ transmitter. 
Since the bandwidth of the signal de- 
rived from the slow-scan camera chain is 
relatively narrow, 3-6 kc, the means of 
propagation can vary from microwave 
to existing radio and telephone con- 
ductors. The electrical impulses at the 
receiving end are converted to visual 
information on a specially designed 
picture tube having phosphors of high 
persistence. A 16mm camera chain 
focused on the picture tube provides a 
negative or positive print. From this, any 
number of enlarged positive prints may 
be made, or the film may be projected 
on a screen for rapid inspection. 

The forward element transmitting 


equipment can be mounted in a jeep or 
similar vehicle for mobility. 

The slow-scan vidicon pickup and 
kinescope receiving system is capable of 
more immediate transmission of greater 
quantities of written or photographic 
than presently 


information available 


Fig. 2. Light aircraft mounted televison pickup and transmit- 


ting station. 
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conventional facsimile or teletype equip- 
ment. 

Face-to-face conversations between 
commanders and subordinates in combat 
are often difficult due to considerations 
of time. Conferences accomplished 
through the medium of television will 
permit instantaneous transmission of 
verbal or written instruction, informa- 
tion about new or captured equipment, 
interrogation of prisoners of war, and 
exhibits of maps, diagrams or charts. 
With a properly set up TV system, each 
commander can remain at his command 
post while participating in a sound and 
sight briefing. 

The applications discussed above are 
only a small part of the military television 
potential. As an intelligence medium the 
possibilities are almost unlimited. An 
example may be made of some of the 
activities of Pictorial Center military TV 
units. 


River Crossing Demonstration 


On 11 August 1954, the Army Signal 
Corps Interim Tactical Television Units, 
and the NBC and RCA Color Television 
Caravans gave a military TV demon- 
stration at Fort George Meade, Md. 
The purpose was to demonstrate some 


tion. 


of the potential applications and capa- 
bilities of a tactical TV communications 
system. The demonstration was designed 
around a regimental attack involving a 
river crossing, armored action, artillery 
support and air evacuation, and was 
planned to provide as many applications 
as possible for military TV coverage. 
This maneuver was covered by a more 
extensive tactical TV operation than 
had ever before been performed, making 
it possible to evaluate equipment and 
operating techniques under tactical con- 
ditions. 

The three microwave signals from 
each of the ground cameras and an air- 
borne signal were all received at a 24-ton 
truck located at the command post. Each 
picture was displayed on a monitor in 
the truck for use in controlling the tech- 
nical operation of the entire system. 
Each picture was also sent to a monitor 
at the command post for viewing by the 
military and civilian audience. 

Aside from field characteristics of 
specific equipment used, certain funda- 
mental requirements for tactical employ- 
ment of TV were lacking in the Fort 
Meade maneuver. The immobility of the 
microwave systems, the elaborate and 
specific pre-planning for TV coverage, 
and the staged performance of the 
maneuver were fully realized; neverthe- 
less, the value of the experience obtained, 
and the lessons learned, were inestima- 
ble. Ranking officers at the command 
post saw, for the first time, the enormous 
possibilities for obtaining intelligence by 
military TV covering a tactical action. 
The design of the most recently acquired 
military systems was advanced through 
experience gained during this maneuver. 


Ground Combat 

In July 1955, the Army Pictorial 
Center, Long Island City, N.Y. received 
a newly designed unit—a compact, 
mobile unit, designed to provide com- 
munications in field situations and under 


Fig. 3. Jeep-mounted television pickup and transmitting sta- 
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field conditions. The design of this unit 
was a direct outgrowth of the experience 
derived from exercises similar to the 
river crossing briefly described above. 

Maximum use of the unit provides a 
TV picture from each of four different 
locations (Fig. 1). Three of the pictures 
are from mobile ground units; and the 
fourth is a picture from a TV camera, 
mounted in a light aircraft (Fig. 2). The 
pictorial information from these four 
sources can be transmitted a maximum 
of 25 miles to a command viewing site. 
The unit can also record still pictures of a 
TV image. Figure 3 shows a jeep- 
mounted TV pickup station. 

Each of the three jeeps carries an 
industrial-type TV camera which meas- 
ures 4 X 6 X 8 in. and can be easily hand 
carried. Camera cable carried with each 
jeep will allow the cameraman to operate 
as far as 250 ft from his jeep. The small 
camera may also be mounted and oper- 
ated from the jeep. A small TV trans- 
mitter is associated with each camera. 
The picture signal from the camera is fed 
into this transmitter and is broadcast a 
maximum of 1 to 5 miles (depending on 
terrain) to the relay truck assigned to 
that jeep. 

At the relay truck, a receiver picks up 
the picture broadcast from the camera 
jeep and feeds the video signal into a 
microwave transmitter mounted on top 
of the truck. This microwave transmitter 
is beamed to a receiving antenna located 
near a technical van at the receiver site. 
Maximum distance between the relay 
van and the technical van varies, de- 
pending upon terrain features, up to 20 
miles. This distance must be measured 
on a line-of-sight. The technical van 
receives microwave signals from all three 
relay vans. 

The light aircraft (Beaver L-20) car- 
ries two airborne image-orthicon TV 
cameras. One is mounted in the “belly” 
of the aircraft. The other has a flexible 
mounting and is controlled by the 
cameraman who can move it within the 
limits of a port in the side of the aircraft. 
A signal, from either one of these cam- 
eras, is fed into a transmitter mounted in 
the aircraft. The airborne transmitter 
can broadcast the signal 10 to 25 miles 
to a receiver in the technical van. The 
technical van maintains technical control 
of the system and supplies video in- 
formation from the four picture sources 
to the command van. The TV unit 
commander can control the entire 
operation from the command van. He 
has radio contact with all vehicles, cam- 
eraman and the aircraft, and is able to 
remotely control the selection of the 
desired pictures to be broadcast over the 
system at any given time. The command 
van is located as close as terrain features 
permit to the command post of the 
tactical commanding officer using the 
TV system. The command van is utilized 
for final viewing of the televised pictures. 


Gray and Jangarathis: 


A specially designed still camera is 
available in the command van for re- 
cording pertinent visual information 
directly from the face of the receiver. 


Exercise ‘‘Sagebrush”’ 


The TV unit described above went 
through its first complete field test at 
“Exercise Sagebrush.” This maneuver 
was of the “‘free”’ type, having two rela- 
tively equal opponents. The TV unit 
was attached to a division reconnaissance 
troop and its mission was to provide 
instantaneous visual coverage of the 
tactical situation for the commander and 
his staff. The unit was used to provide 
coverage of various tactical situations, 
both air-to-ground and_ ground-to- 
ground, including: 

(1) Verification of non-visual in- 
formation by means of supporting pic- 
torial information. 

(2) Location of friendly and aggressor 
units and emplacements, and the study 
of enemy activities. 

(3) Study of terrain features. 

(4) Transmission of pictures of cap- 
tured enemy material. 

As an illustration of how television 
was used during “Exercise Sagebrush,” 
the following excerpts from TV missions 
are cited: 

17 Nov 55. The mission of running 
TV airborne road reconnaissance of the 
aggressor Army’s main route of advance 
was assigned to the TV Section. Video 
was transmitted from the airborne pickup 
station to the command post receiving 
site. Video reception was acceptable and 
supplied information concerning road 
blocks, amount and type of traffic, tie-ups 
and general traffic conditions.” 

*19 Nov 55. Three TV jeeps were 
dispatched to key points along the main 
route of advance. Their primary mission 
was to televise pertinent information to 
the tactical commander. Vehicle and 
troop movements were televised, and 
particular attention was given to traffic 
bottlenecks and equipment failures or 
fatalities (umpire scoring). This opera- 
tion illustrated that the maximum 
transmitting range of the video signal 
from the jeep over heavily wooded 
terrain was 1.5 and 2.0 miles.” 

“In conjunction with these activities, 
an air mission was very successful. This 
mission was to provide TV coverage 
along the main line of resistance. Air- 
borne coverage enabled Division Ad- 
vanced Headquarters to watch the 
operation of a mass movement of large 
vehicles behind a smoke screen. The 
coordinates of this movement were 
requested and obtained from the camera 
operator. In this operation, the Division 
G-2 (Intelligence Officer) had TV 
coverage of an area twenty miles forward 
of his position.” 

In general, the newest interim tactical 
unit accomplished its overall maneuver 


mission. The maneuver activities pro- 
vided valuable information pertaining to 
utilization, special considerations, and 
definite limitations of presently available 
field TV equipment. 

Television was used as an integral part 
of a combat unit. Actual conditions of 
war were simulated, and no “staged” 
type of demonstrations was included. 
This maneuver helped illustrate that 
television can be used for tactical 
employment. 

Special considerations such as line-of- 
sight prerequisite for microwave propa- 
gation, maximum altitudes for airborne 
coverage, and cable limitations between 
jeeps and cameramen were still evident. 
Limitations were present, but the com- 
parison between older television systems 
and the new unit was encouraging. 

Existing problems were realized ; some 
have been solved and new developments 
continue. The following list of recom- 
mended improvements is presented to 
illustrate some of the problems which 
confronted this TV unit: 

(1) A more stable synchronization 
should be built into camera chains. 
Experienced personnel and commercial 
engineers have found that, under field 
conditions characterized by very high 
humidity, count-down synchronization 
controls require constant adjustment. 
Count-downs and blanking controls 
should be adjustable from the outside 
since normal working adjustments re- 
quire removal of side panels, which is 
dangerous to personnel and equipment 
in inclement weather. 

(2) A mixer should be added to the 
camera chains, with adjustment for 
synchronization and blanking levels, 
which would permit a composite video 
output signal, enabling direct cabling 
into relay vans. This would increase 
tactical capabilities during jamming by 
eliminating the broadcast feature of the 
system. 

(3) Present UHF Yagi antenna is too 
fragile; a method for rapid rotation of 
the antenna and a system to vary its 
height are needed. 

(4) A 110-v a-c operated, crystal con- 
trolled, average 100-w, 360-mc output 
transmitter is needed for increased jeep 
operating range. 

(5) Utilization of a helicopter aircraft 
for reconnoitering microwave sites and 
transporting microwave relay equipment 
to locations not accessible to wheeled 
vehicles should be considered. 

(6) A monitoring device for the pilot 
of the L-20 aircraft would increase 
efficiency of aerial coverage. A picture 
monitoring device available to the pilot 
would allow the pilot to see what his 
cameraman is shooting and make it 
possible for him to follow directions 
from the cameraman more quickly and 
efficiently. 
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Fig. 4. Man-pack television. 


Most recent of the Army’s television 
equipments is the Man-Pack “Television 
Unit” (Fig. 4), a light, compact com- 
bination of television chain, power unit, 
and transmitter. The camera weighs 
only 8 lb and the transmitter with built- 
in power supply, 47 lb. Four inter- 
changeable lenses, including wide angle 
to view a broad sector, and telephoto for 
great distances, are available for diversi- 
fied tactical employment. The trans- 
mitter has a half-mile to a mile range, 
and can operate continually for two 
hours off its five cell rechargeable bat- 
tery. The receiver portion of the Man- 
Pack Television Unit may be jeep- 
mounted for mobility. This receiver has a 
10-in. picture screen. 

To minimize possible interception of 
the television signal, the camera can also 
be used with a cable between the trans- 
mitter and receiver. With power pack- 
aged within the transmitter, cable size is 
four times smaller than in earlier models. 
The greatest asset, however, of this unit 
is the capability it gives the cameraman 
to move over almost any type of terrain 
without being limited by accompanying 
cables. 


Conclusions 

Army tactical television is rapidly 
growing from the cumbersome studio- 
type equipments of just a few years ago, 
to the man-pack television pickup and 
transmitting stations of today. The 
participation of television units in varied 
type military applications is steadily 
increasing, thus providing much needed 
operational experience. 

Since its infancy in 1948, Army tele- 
vision has illustrated an overall potential 
that is at least equal to other major in- 
telligence and communications media. 
The ability to provide immediate visual 
information of critical areas many miles 
forward of the receiving site, gives the 
commander “Eyes” throughout his com- 
mand, in our forward areas and in enemy 
installations. Appiication research, equip- 
ment improvement and development, 
and advanced training of military operat- 
ing personnel are continuing in an 
endeavor to determine the ultimate 
military potential of television. 
Discussion 

Mauro Zambuto (Transound, Inc.): How much 


thought has been given to the two problems of 
interception and jamming? 
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Col. Gray: We have given this considerable 
thought. We have written papers on this and 
have, as recently as three months ago, submitted 
a paper on this very thing to Washington. It 
contains classified information; I am sorry that 
I can’t discuss it at this particular time. 

Edward Stanko (Radio Cerp. of America): I 
noticed the difference in the quality between the 
types of kinerecording you have shown; on one 
section quite a few scanning lines were visible 
and on the other none could be seen. 

Col. Gray: Each time we get a new emulsion 
we must run tests since the control of our kine is 
extremely critical in order to eliminate any shut- 
ter bar and also to eliminate the scanning lines. 
This particular stock we are using is Eastman 
stock. The emulsion was a little bit faster than 
the other emulsion that we had used. That is the 
reason for the difference in the quality in the 
particular portion of the kine. However, this was 
a test and not anything we would normally re- 
lease. 

Mr. Stanko: Do you intend to do a kinerecord- 
ing of the original picture that you receive from 
the field? 

Col. Gray: Yes, we do. We have two mobile 
units capable of kinerecording — one is at the 
Army Ballistic Missile Agency and the other is 
shortly going to Fort Rucker where they will 
make kinescope recordings in the field and inte- 
grate them with our studio activity. I hadn’t felt 
until the last two or three months, that our kine 
quality was completely acceptable in the field; 
however, our studio work is acceptable now and 
nearly comparable to what can be achieved with 
regular motion-picture work. We did a kine at 
St. Albans, with one of the mobile units, of a 
medical conference, and this was the first ac- 
ceptable quality from a mobile unit satisfactory 
for release. It approached the same quality of 
the segments you have seen here. 

Anon: Do you use 35 or 16mm? 

Col. Gray: We use both. The kine you saw this 
morning was 35. We made a master, a dupe nega- 
tive and a contact print. What you saw was the 
contact. We also have 16mm kine that we use. 
This particular one was 35 but we do use 16 at 
our studios and in the field. 

J. F. Fisher (Philco Corp.): In connection with 
slow-scan television, what type and size of pri- 
mary image do you prefer to work with? And 
secondly, do you think a 2-sec frame-scanning 
rate and a 7}-kc bandwidth are adequate for 
most purposes? 

Col. Gray: Well, actually I'd like to stay away 
from this particular question. Here in this paper 
I was exploring the utilization of a slow-scan 
system. We have not procured any of this equip- 
ment yet. There are two or three manufacturers 
that have these equipments and I’d rather not 
say what characteristics we require until we fur- 
ther explore available equipments. We are inter- 
ested in equipment of this type but we would 
like to see what is best for the military service be- 
fore we go inio, actual procurement. 
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An Audio Flutter Weighting Network 


Listener preference rankings of selected samples of programs containing many 
types of flutter will be compared to measurements of the same flutter using a meter 
weighted with respect to flutter rate in accordance with the threshold of percepti- 
bility. It is shown that the correct weighting curve varies with the level of flutter 
and that modification should be made to the flutter meter in order to obtain objec- 
tive rankings of various types of flutter which will agree with subjective rankings of 


program containing the same type of flutter. 


z. THE PROCESSES of recording and re- 
producing sound, a serious distortion 
results from instantaneous relative speed 
variations between the respective trans- 
ducer and the recording medium. This 
distortion, termed flutter, manifests it- 
self as a frequency modulation of all the 
tones comprising the recorded program. 
It has long been recognized that the 
perceptibility of frequency modulation 
in tones is influenced to a significant 
extent by the fiutter rate or the cyclic 
rate of variation of the transport medium 
speed.'* An attempt was made a few 
years ago to incorporate a flutter index, 
in the form of flutter rate weighting 
formulae, in a standard method for 
measuring flutter? but the plan was 
dropped because of a lack of information 
relative to whether perceptibility thresh- 
olds for flutter in pure tones could be 
applied to the complex waveforms of 
speech and music programs. Subjective 
experiments conducted at the New York 
Material Laboratory for the Navy 
Bureau of Ships‘ indicated that the 
relative effect of flutter on music was 
similar to its effect on a 1000-c (c-cycles 
per second) tone and that, for complex 
flutter waveshapes, a measure of the 
root-mean-square deviation from the 
mean frequency would give an adequate 
indication of the combined effect of all 
the flutter components on a tone or 
program. It was concluded from these 
experiments that not only could the 
threshold of perceptibility for pure tones 
be used as a basis for applying flutter 
index formulae for programs but it 
could also be used as the basis for in- 
corporating a flutter-rate weighting 
filter in flutter measuring instruments. 
The following considerations were ad- 
vanced to support the use of a flutter in- 
dex weighting filter: 


(1) The predominant frequency com- 
ponents of speech and music program 
are between 500 and 5000 c where the 
effect of flutter is constant with tone 
frequency and most perceptible. 
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(2) The effect of flutter is constant 
and most perceptible over the range of 
probable program listening levels. 

(3) Although the absolute percepti- 
bility thresholds vary with the acoustic 
characteristi¢sjof listening areas and with 
the content. pf program for example, 
kinds of musical instruments, the relative 
effect of flutter rate is essentially the 
same. A flutter index measuring instru- 
ment should indicate the effect of a par- 
ticular flutter on a program which is 
most susceptible to the effects of flutter 
and for conditions under which the 
flutter is most perceptible. 

These experiments, demonstrated that 
the flutter thresholds for earphone lis- 
tening to a 1000-c tone recorded on 
magnetic tape are approximately three 
times greater than those for ear 
listening to a 1000-c tone from a fre- 
quency modulated oscillator. Apparently 
this difference results from masking by an 
inherent flutter in the 1000-c recording 
or from noise and distortion products 
associated with it. Insofar as the weight- 
ing network is concerned, this difference 
is not troublesome, for the relative effect 
of flutter at various flutter rates from 
0.5 to 100 c is essentially the same for the 
recorded and generator tones except for 
flutter rates below 1.5 c. Apparently 
the lower relative thresholds for the re- 
corded tone were due to a better sub- 
jective technique or to the fact that the 
relative data for the recorded tone below 
5-c flutter rates were actually obtained 
for loudspeaker listening. It is noted that 
the results at these lower flutter rates are 
in better agreement with thresholds ob- 
tained for loudspeaker listening in large 
auditoriums. In view of this, the inverse 
curve of that representing the average 
flutter perceptibility thresholds of re- 
corded 1000-c tone, chord, piano music 
and orchestra music for flutter rates from 
0.5 to 100 c was proposed for the flutter 
rate weighting network. A well damped 
root-mean-square indicating meter was 
proposed as an indicating meter. 

The experiments reported here were 
conducted by the Material Laboratory 
for the Navy Bureau of Ships and repre- 
sent an extension of the previous work. 
A flutter index meter was devised and 
flutter index measurements of many 
complex variations of flutter were com- 
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pared with subjective quality rankings 
of three types of program containing 
the same flutter variations. Experiments 
were also conducted to determine 
whether any change in ranking was 
associated with various listening con- 
ditions. 


Flutter Index Meter 


An available flutter meter which con- 
tained a low-impedance output and 
which was originally designed for op- 
erating an oscillographic recorder was 
selected for modification to a flutter 
index meter. Measurements showed that 
the sensitivity of the low-impedance out- 
put circuit was constant over a flutter 
rate range from 0.5 to 200 c and was 
linear over this range for flutter ampli- 
tudes up to 2.8% peak. It could be con- 
verted into a flutter index meter simply 
by connecting a suitable weighting filter 
and indicating meter to this Jow-im- 
pedance output circuit. A standard 
VU meter was used as the indicating 
instrument instead of a thermocouple 
meter in order to have a standard damp- 
ing characteristic. 

There is reason to believe that the 
actual pitch heard by a listener is a 
function of the tone frequency over a 
time period of approximately 140 msec, 
for the ear ceases to hear a change in 
pitch when sinusoidal flutter rate is in- 
creased above about 5 to 7 c. The VU 
meter is similar in its damping for it 
ceases to register any amplitude modu- 
lation when the modulation rate exceeds 
about 7 c. Thus, the VU meter, in 
addition to providing a standard damp- 
ing, also has a damping which is similar 
to that believed to be associated with 
the pitch sensitivity of the ear. Com- 
parison of flutter readings obtained from 
the VU meter (rectified average over a 
standard time period) and a thermo- 
couple meter (rms over a nonstandard 
time period) for the complex flutter 
waveshapes used in the experiments 
indicated that any differences were in- 
significant. The filter inserted between 
the flutter meter and the VU meter pro- 
vided an overall sensitivity to constant 
flutter amplitude as shown in Fig. 1. 

The design objective was determined 
from the average perceptibility thresholds 
for the four program samples of the 
previous experiments.’ For the low 
flutter rates where the pointer of the VU 
meter tended to follow the flutter ampli- 
tude excursion rather than indicate an 
average, the average peak swing was 
taken as the reading. The amount of 
variation between the actual sensitivity 
curve and the design objective was not 
considered important in view of the 
variance anticipated for the subjective 
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quality rankings but was taken into 
account in analyzing results. 

The sensitivity of the flutter index 
meter was adjusted so that readings on 
the per cent scale of the VU meter would 
agree with listener preference ranking 
scores that would be expected from a 
fluttered program. In particular, the 
sensitivity was adjusted so that the meter 
gave a reading of 100% for a flutter am- 
plitude of 2% peak at a flutter rate of 
3 c. This value of flutter was found in 
the previous experiments to just begin 
to cause saturation (approach a maxi- 
mum ranking score) in a listener pref- 
erence ranking vs. flutter amplitude 
curve. 

Subjective Rankings 

The ranking technique employed was 
the Listener Preference Ranking Test 
used in the previous experiment.’ This 
test consisted of paired comparisons by a 
group of judges on program samples con- 
taining the variations of flutters to be 
compared. One of the flutter variations 
was used as a control standard of com- 
parison to which all the others were com- 
pared and judged as being “much 
or 
*‘much better.” A category of “don’t 
know” was included to account for the 
possibility that because of inattentive- 
ness or other similar reason the judge 
was unable to make a comparison. 

The judgments for each group to be 
ranked, in this case each program, were 
then quantified for each judge, by as- 
signing a number of rank to each judg- 
ment category for each judge. The 
quantification scheme was designed to 
provide an equal basis of comparison for 
each judge in a numerical form. The 
average number of rank assigned by the 
group of judges for a given flutter varia- 
tion was then taken as its ranking score. 
The higher numbers were associated 
with the least preference or “much 
worse” quality. 


Flutter Generation 


Flutter variations were introduced into 
the program in two ways. One method 
employed the Material Laboratory Flut- 
ter Generator which uses a magnetic 
head mounted to a loudspeaker cone to 
provide relative longitudinal motion be- 
tween the head and a magnetic tape. 
The flutter generated in this manner was 
controlled by the signal fed to the loud- 
speaker voice coil. 

The second method employed a high- 
quality tape recorder which has a low 
flutter content when operating with the 
flywheel removed from the tape-drive 
capstan. The desired flutter was intro- 
duced by varying the frequency of the 
power source used to power the syn- 
chronous driving motor. The power 
source was derived from a 50-w audio 
amplifier fed from a frequency-modu- 
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Fig. 1. Sensitivity vs. flutter rate for Material Laboratory Flutter Index Meter: input 
flutter 2.0% (peak); ————measured sensitivity; and —- - — -design objective. 


lated 60-c oscillator. This system made 
it possible to duplicate reasonably flutter 
found in actual equipment by substi- 
tuting for the 60-c oscillator, a fluttered 
signal from a 60-c recording as repro- 
duced from the particular equipment. 

The first generator was not able to 
generate flutter rates below about 3 c 
while the latter was limited to flutter 
rates below 25 c. Therefore, the Material 
Laboratory Flutter Generator was used 
to generate flutter for one listener pref- 
erence test in which the flutter variations 
consisted primarily of high-frequency 
flutter rates above 5 c, while the modi- 
fied recorder was used to generate 
flutter for another listener preference 
test in which the flutter variations 
were confined to flutter rates below 
25 c. Two tests were employed to 
eliminate the possibility that the com- 
parisons might be influenced by dif- 
ferences other than flutter existing be- 
tween the two generators. 

In Listener Preference Test I, samples 
of the following program material were 
selected from magnetic tape recordings 
of local FM broadcasts: 


(1) A 10-sec sample of a piano rendi- 
tion of a popular melody ‘“‘You’ll Never 
Know.” The sample was taken from a 
part containing both short and _ sus- 
tained notes including both high and low 
pitches. 

(2) A 10-sec sample of a military 
band playing “Tales of the Vienna 
Woods.” The sample consisted of clari- 
nets and brass instruments and had 
several sustained chords. 

(3) A 10-sec sample of a male news 
commentator. 


To generate flutter, these samples 
together with a 20-sec sample of a 3000-c 
tone, which was recorded on a tape using 
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the same recorder used to record the 
program, were spliced together at the 
center of a 1200-ft reel of tape. They 
were played back on the Material Lab- 
oratory Flutter Generator which was 
used to introduce 30 flutter variations. 
These were recorded on another re- 
corder to obtain samples of fluttered 
program for use in the subjective tests 
and samples of fluttered tone for use in 
obtaining flutter index measurements. 
Since the sample of 3000-c tone had 
been subjected sequentially to the same 
recording and reproducing processes as 
the program, the flutter in these samples 
was the equivalent of that introduced 
in the program. Flutter oscillograms ob- 
tained from the tone samples (Fig. 2) 
indicate the complexity and range of 
the 30 flutter variations compared in the 
test. These variations were selected at 
random to give a representative sam- 
pling of flutter rates from 4 to 100 c and 
amplitudes which promised to provide a 
range from nonperceptible to the maxi- 
mum of perceptibility. The program 
samples were spliced together to permit 
**A—B” comparisons between each flut- 
ter variation and the control standard 
of comparison for each program. Pro- 
gram randomization was not employed 
and for each comparison the standard 
was presented first. 

In Listener Preference Test II flutter 
comparison tapes were obtained in a 
manner similar to that of Test I except 
for the difference in flutter generation. 
The program selections were: 


(1) “Viola and Piano Sonata in 
F Minor’ by Rubenstein. A_ 10-sec 
passage was selected in which the piano 
predominated with rich chords and a 
fast group of short single notes as well as 
sustained notes at a reasonably high 
pitch. 
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Table I. Flutter Index Measurements and Listener Preference 


Ranking Scores for Listener Preference Test I. 
peo Listener preference ranking scores 
Flutter measurement 7( max. score) 
Flutter 
variation Peak-to- sok Flutter Av. Piano 
No. flutter, index Piano Band Speech & band 
: 1 4.0 55 59 41 20 50 
sw 7 3 6.2 67 100 97 89 98 
a 3.5 49 75 83 70 79 
5 3.0 49 62 77 66 70 
6 ye 57 51 56 60 54 
7 5.6 84 82 97 89 90 
8 2.4 52 51 55 59 53 
5.7 43 63 57 45 7 
j 5.0 55 86 88 84 8 
a il 2.5 31 49 44 50 47 
Type 13 os 12 4.0 52 44 59 34 52 
13 5.0 61 66 86 60 76 
14 4.0 39 32 48 36 40 
15 1.5 25 28 22 25 25 
16 8.5 55 85 76 60 81 
17 4.4 58 62 74 87 68 
18 8.0 58 65 71 82 68 
19 1.2 23 25 19 25 22 
20 1.8 41 12 9 22 11 
21 VF 54 33 42 39 38 
22 3.6 47 48 59 59 54 
23 5.5 61 93 97 100 95 
24 2.7 38 29 27 30 28 
25 2.7 25 53 40 57 47 
26 5.7 43 41 50 69 46 
27 1.0 26 20 14 15 17 
28 3.3 54 69 85 84 77 
29 3.5 26 34 23 26 29 
30 7.5 58 91 100 87 9% 


Table Il. Flutter Index Measurements and Listener Preference 
Ranking Scores for Listener Preference Test II. 


Listener nae ranking scores 


Fig. 2. Oscillograms for flutter variations used in Listener Flutter measurement MAK. 
Preference Test I. Flutter — Peak-to- Av. band 
variation peak Flutter Flutter 
No. flutter, % rate,c index Piano Band Speech piano 
1 6.6 0.5 90 93 93 39 93 
4 2 7.6 0.5 97.5 89 94 47 9 
Bees Na Ni 4 3.0 1 55 43 47 47 45 
7 2.6 2 55 36 54 47 45 
2 8 3.0 3 60 43 44 49 44 
att 9 4.4 3 85 87 86 53 87 
13 08 8 10 
14 1.5 10 18 35 28 38 32 
ity iv 15 2.4 5 32 39 41 34 40 
e eres AM AY 16 5.6 10 45 88 92 84 90 
17 7.0 15 48 100 100 100 100 
18 3.6 20 32 64 83 69 74 
i 19 5.6 20 40 77 99 86 88 
20 36.5 93 90 87 92 
4 A a 25 { 75 74 44 44 59 
; 26 ey ae 88 86 89 54 88 
a 27 len 20 34 33 32 34 
p's 29 a). te 43 75 73 58 74 
4.8 6 
31 10 35 32 43 34 
55 90 94 84 92 
33 35 39 54 46 47 
: 34 a = 25 25 39 46 32 
35 ~ ey: 60 53 59 46 56 
6 45 46 43 41 45 
TIME = SECONDS 37 25 
38 ad ina 28 37 44 31 41 
ig. 3. Oscillo for more compl r variation d in tee vee 30 25 49 28 
Fig 3 gtams tor e plex flutte: Vv s use 40 =e — 40 31 5 31 28 


Listener Preference Test II. 
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(2) A military band playing “Under 
the Double Eagle,” a march. A 10-sec 
passage was selected which contained 
woodwind and brass instruments. 

(3) A 10-sec sample of a male news 
commentator. 


This test consisted of comparisons of 
40 flutter variations. Twenty of these 
had single flutter rates selected over a 
flutter rate range from 0.5 to 25 c with 
amplitudes chosen at random to pro- 
vide equal predicted increments of 
quality. Ten were selected to contain a 
combination of high- and _low-fre- 
quency flutter rates with amplitudes 
which were predicted to provide equal 
increments of quality. The remaining ten 
were representative of actual motion- 
picture projector, disk playback and tape 
recording equipment. The particular 
flutter variations are indicated in Table 
II and oscillograms for several appear 
in Fig. 3. The samples of fluttered pro- 
gram, when spliced to permit com- 
parisons, were arranged in a statistically 
random fashion with respect to type of 
program, flutter variation and presen- 
tation of standard first. 


Listener Preference Tests 


For the Listener Tests, 18 judges, all 
male and ranging in age from 23 to 40 
years, were seated fairly comfortably in 
an acoustically soft listening room about 
100 ft long, 20 ft wide and 10 ft high. 
Each judge had had previous experience 
in comparing fluttered programs. The 
walls and ceiling of the room were poly- 
cylindrical and covered with acoustic 
tile. The floor was rug-covered con- 
crete. The reverberation time was ap- 
proximately 0.25 sec at 1000 c and the 
ambient noise level was about 60 db, 
consisting of predominantly low-fre- 
quency machinery rumble. This listen- 
ing condition will be referred to later as 
“Condition A.” 

The program comparison tapes were 
reproduced and projected through a 
triaxial loudspeaker system which was 
centrally located in front of a perforated 
motion-picture screen hanging about 
15 ft from one end of the room. The 
judges were grouped close together about 
20 ft from the loudspeaker on its axis 
along the length of the room. The peak 
program level at the judges’ positions 
was about 90 db (ref. 0.0002 microbars). 

The response of the overall system 
from initial program recording through 
the various recording and reproducing 
processes and flutter generation to final 
presentation to the judges was essentially 
that of the loudspeaker. Its response was 
uniform within +5 db from 200 to 10,000 
c and decreased gradually below 200 c 
by approximately 6 db per octave and 
above 10,000 c by about 12 db per oc- 
tave giving what should be considered 
adequate response from 40 to 15,000 c. 
The harmonic distortion of the system for 
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sinusoidal signals from 100 c to 10,000 c 
and amplitude representing the ampli- 
tude of program peaks was less than 1.5% 
peak. The signal-to-noise ratio excluding 
the ambient noise in the room was about 
45 db. Inherent flutter was about 0.3% 
peak at a flutter rate of 6 c. Inherent 
amplitude variations in the order of ap- 
proximately 4% peak were introduced 
by the magnetic tape recording processes 
and were random in nature. Any am- 
plitude variation which might have been 
caused by the flutter generators could 
not be detected in the electrical signal. 
In order to guard against listener 
fatigue, the judges were asked to provide 
no more than 50 comparisons at a single 
seating and no more than three seat- 
ings were usually undertaken during 
the morning from about 9:00 A.M. 
to 11:30 A.M. Before presentation of 
comparisons the judges were told that 
they were to compare the two selections 
on the basis of preferred quality and not 
to attempt to assess the technical dif- 
ferences in the programs. They were 
given samples of the range of quality on 
which their judgments would be made. 


Procedures 


Listener Performance Ranking scores 
were obtained for each of the three pro- 
grams for each experiment. Results were 
expressed in per cent of the maximum 
score obtained. 

The ranking scores thus obtained 
were compared to flutter index measure- 
ments obtained from the samples of 
3000-c tone. 

The results of the above comparison 
indicated that the flutter index meter 
required certain modifications. These 
will be explained later. These modifica- 
tions were made and the ranking scores 
were then compared to flutter index 
measurements obtained with the modi- 
fied flutter index meter. 

To ascertain whether various con- 
ditions of listening might affect the 
listener preference ranking scores and 
hence the usefulness of the flutter index 
meter, Listener Preference Test II was 
repeated with 12 judges for the following 
different room conditions, frequency- 
response ranges and sound levels: 

(7) Condition B: The judges were 
seated in a diffuse reverberation chamber. 
This chamber had polycylindrical walls 
and ceiling of poured concrete. The 
floor was also poured concrete but flat. 
The chamber was approximately 20 
ft long, 20 ft wide and 10 ft high. In the 
absence of the judges, the reverberation 
time was approximately 8 sec at 100 c 
and 5 sec at 1000 c. The triaxial loud- 
speaker was located in one corner of the 
chamber while the judges were seated 
close together in the center of the room. 
Peak program level at the listening posi- 
tion was about 90 db (ref. 0.0002 micro- 
bars). The ambient noise was approxi- 
mately 60 db. 


(2) Condition C: The judges were 
seated in a small acoustic listening room. 
This room had flat brick surfaces on 
which were hung removable panels of 
acoustic tile randomly spaced over the 
surface. The floor was covered with a 
rug. The room was approximately 20 ft 
long, 15 ft wide and 12 ft high. The re- 
verberation time of this room was about 
0.5 sec at 1000 c. The triaxial loud- 
speaker was located in one corner of the 
room while the judges were seated in 
an opposite corner. The peak program 
level was again approximately 90 db 
while the ambient noise was about 60 db. 

(3) Condition D: Same acoustic con- 
ditions as “C” but the frequency re- 
sponse of the system was restricted by 
sharp cutoff filters to the range 300 to 
3000 c. 

(4) Condition E: Same acoustic con- 
ditions as “C” but the peak program 
level was reduced to about 80 db. 

(5) Condition F: The judges were 
presented the program at a level of 60 
db through high-quality earphones hav- 
ing a range from about 40 to 8000 c. 


Results 


The flutter index measurements and 
listener preference ranking scores for 
the 30 flutter variations used in Listener 
Preference Test I are shown in Table I 
along with peak-to-peak flutter readings 
which were determined from flutter 
oscillograms for each flutter variation. 
The ranking scores for the band and 
piano program were observed to be 
sufficiently similar to warrant the use 
of an average preference score for the two 
programs for the purpose of comparing 
the rankings to a flutter measurement. 
Usually the listener preference test gives 
a ranking for only those items compared 
in a single test and it is improper to use 
the scores obtained from one test for 
comparison with another test. It should 
be stressed that in this test paired com- 
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Fig. 4. Average listener preference rank- 
ing scores for piano and band programs 
vs. flutter index; includes data from 
Listener Preference Tests I and II. 
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parisons were made only between two 
flutter variations of the same program 
material and numerical ranking was 
assigned separately for each program. 
A comparison of one variation of flutter 
in one program with the same or dif- 
ferent variation of flutter in another 
program was not made. Hence, it is 
improper to assume that the flutter 
variations had the same effect on the 
piano as it had on the band program. 
It can only be said that the rankings 
were similar or that if piano music con- 
taining one type of flutter sounded worse 
than piano music containing another 
flutter, then band programs containing 
the former flutter would sound equally 
worse than band music containing the 
latter flutter. As expected, comparison 
of the ranking scores with the peak-to- 
peak flutter measurements shows that 
little relationship exists between them. 
An appreciable relationship between the 
listener preference ranking scores and the 
flutter index measurements did exist. 

The flutter index measurements and 
listener preference ranking scores for 
the 40 flutter variations used in Listener 
Preference Test II are shown in Table 
II along with peak-to-peak flutter read- 
ings which were determined from the 
flutter oscillograms. Here again, be- 
cause of similar ranking scores for piano 
and band programs, their average rank- 
ing score is listed. Again, little relation- 
ship exists between the ranking scores 
and peak-to-peak flutter but an appre- 
ciable relationship exists between these 
scores and the flutter index measure- 
ments. 

When the average preference scores 
for piano and band were plotted against 
flutter index readings for each test it 
was noted that the points seemed to 
indicate two straight-line relationships, 
one for low flutter rates and another for 
high flutter rates, shown as A and B, re- 
spectively, in Fig. 4. When the listener 
preference ranking scores for speech 
were plotted against flutter index the 


same two straight-line relationships were 
indicated. However, in the case of speech 
there was a scattering of points on that 
side of the lines which signified good 
quality but an excessive flutter index. 
This was expected, for it was known 
that large amounts of flutter at flutter 
rates below 5 c could not be detected in 
speech. The weighting curve used in the 
flutter meter was considered applicable 
to music only but it was felt that it 
could also be applied to speech since 
any resulting flutter index measurement 
would always be on the safe side. 

On examining the two straight-line 
relationships it was noted that practically 
all of the points indicating the line B 
on Fig. 4 were associated with a flutter 
rate between approximately 10 and 25 
c and amplitudes greater than 1% peak. 
This was thought to be due either to the 
particular room acoustics under which 
the listener preference tests were per- 
formed or to a nonlinearity in the re- 
lationship between the effect of flutter 
and its amplitude for this flutter rate 
range. Further experiments showed that 
the room acoustics, at least for the re- 
corded program used, had only a minor 
effect on the results of the listener pref- 
erence tests. Therefore, the discrepancy 
was attributed to nonlinearity. In the 
previous work‘ there was a linear rela- 
tionship between the listener preference 
scores and flutter at rates from 0.5 to 
5 c, and so it was assumed that this 
linearity would extend to all flutter 
rates. It is conceivable that in detecting 
flutter at flutter rates above 10 c, human 
factors differing from those used at 
flutter rates below 7 c come into play. 

To correct for the above would require 
a new extended experiment to deter- 
mine the exact relationships existing 
between the fiutter perception and am- 
plitude for various listening condi- 
tions. However, as an immediate means 
for obtaining a realistic measurement of 
flutter, a simple expedient was con- 
sidered. As mentioned, the excessive 


ranking scores, or more accurately 
stated, the low flutter index readings, 
occurred only when the flutter ex- 
ceeded 1%. It would then be necessary 
only to measure the average unweighted 
flutter for flutter rates above about 10 c. 
If the 1% peak level (0.7% rms level) 
were not exceeded, then the flutter index 
meter having the weighting curve of 
Fig. 1 would be satisfactory. If the 1% 
level were exceeded, then the weighting 
curve would have to be modified. 
Fortunately, in Listener Preference Test 
II enough sinusoidal flutters of known 
amplitude were included to permit an 
adequate estimate of the proper modifi- 
cation to the weighting curve. 

A flutter index meter subse- 
quently designed which incorporated 
the two weighting networks with an 
automatic electronically operated switch. 
The two weighting curves employed 
are shown in Fig. 5. Curve A represents 
the active weighting characteristic for 
the switch open position. Curve B 
represents the active weighting char- 
acteristic for the switch closed position. 
The operation of the automatic switch is 
controlled by the unweighted flutter 
signal (Fig. 6). The switch actuating 
circuit operates on a rise time-constant of 
0.1 sec and a decay time-constant of 0.25 
sec. 
Flutter index readings obtained with 
this modified flutter index meter for 
the flutter variations of both listener 
preference tests are compared with the 
average listener preference ranking scores 
for piano and band in Fig. 7. The flutter 
index measurements are tabulated in 
Table III. The relationship is consider- 
ably improved. The relationship for 
speech was similarly improved. 

The piano and band ranking scores of 
the flutter variations used in Listener 
Preference Test II for the six types of 
listening conditions are listed in Table 
IV to show that the differences in listen- 
ing conditions had small effect on the 
subjective ranking. 


METER INDICATION—PER CENT 


a 
_ 
z 
+ ++ 
4 
| 
20}——— 
SwiTCH OPEN 
| 
+ + 
5 


for switch closed position. 


FLUTTER RATE FREQUENCY IN CYCLES PER SECOND 
Fig. 5. Sensitivity vs. flutter rate for Material Laboratory Modi- 
fied Flutter Index Meter: input flutter 2.0% (peak); Curve A — 
sensitivity for switch open position; and Curve B — sensitivity 
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Fig. 6. Operating characteristic for automatic electronic switch 
of Material Laboratory Modified Flutter Index Meter: switch 
actuating circuit rise-time constant, 0.1 sec; and switch actuating 
circuit decay-time constant, 0.25 sec. 
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A flutter index meter having the char- 
acteristics of the modified flutter meter 
used in these experiments will provide a 
reading that will adequately predict 
the subjective ranking score which would 
be obtained were that flutter introduced 
in a program sample and included in a 
similar Listener Preference Test. Such 
a meter would provide a simple objec- 
tive measure of the effect of flutter on 
program material. 

Discussion 

The various types of flutter employed 
in this experiment were representative 
of all the amplitudes and waveforms en- 
countered in actual recording equipment 
over flutter rates from 0.5 to 100 c. It 
might be expected that flutter rates 
above 100 c might be encountered. 
Recently, flutter rates as high as 3000 
c are being observed in magnetic tape 
recorders. In view of this, it would have 
been interesting to extend the experi- 
ments to these flutter rates. Unfortu- 
nately, the flutter generators available 
could not produce adequate flutter am- 
plitudes above flutter rates of 100 c. 
Besides, previous observations indicated 
that judgments of flutter perceptibility in 
programs for this range were erratic. 
It has been shown‘ that in the range above 
flutter rates of 100 c flutter percepti- 
bility thresholds for tone can be used to 
predict the masking curves for the ear. 
It would appear, therefore, that per- 
ceptibility of flutter for such rates would 
be alien to the perceptibility of noise 
and could be included in a noise meas- 
urement (noise behind the signal). 

It should be noted that in a few of the 
flutter variations the peak flutter am- 
plitude varied periodically with time; 
for example, types 9 and 16 in Fig. 2. 
For this type of variation, the effect on 
the listener seemed to be connected with 
the average amplitude of the flutter over 
about a 2-sec time period. It also seemed 
to be a function of how the large ampli- 
tude periods coincided with the program 
peaks. Since, in obtaining flutter index 
readings, the average peak swing of the 
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cate the flutter index, the flutter index 
readings tended to be too high relative 
to the corresponding listener preference 
scored. Such a reading applies a margin 
of safety for that type of flutter. 

In a recent British publication,® 
a flutter meter with a peak indicator and 
a flutter weighting network which peaks 
at flutter rates between 5 and 10 c was 
proposed for obtaining realistic flutter 
measurements. This contradicts the re- 
sults of the experiments reported herein. 
Another flutter meter was built using the 


Table Ill. Flutter Index Readings Ob- 
tained With Modified Weighting Net- 
work for Experiments I and II. 


Experi- Flutter Flutter Flutter Flutter 
ment type index type index 
I 1 16 70 
2 17 95 
3 120 18 85 
4 77 19 23 
5 70 20 35 
6 58 21 65 

7 98 22 63 
8 59 23 115 
9 55 24 35 
10 95 25 65 
11 50 26 60 
12 55 27 25 
13 85 28 80 
14 65 29 25 
15 33 30 115 
II 1 80 21 130+ 
2 95 22 120 
3 35 23 25 
a 45 24 87 
5 120 25 80 
6 100 26 100 
7 55 27 25 
8 65 28 98 
9 95 29 70 
10 102 30 94 
11 31 15 
12 98 32 95 
13 12 33 48 
14 30 34 35 
15 42 35 45 
16 93 36 45 
17 116 37 25 
18 75 38 35 
19 95 39 25 
28 83 40 40 


Table IV. Comparison of Listener Preference Ranking Scores for Various Listening 


Conditions. 
Listening conditions 
A B Cc D E F 

All list 

No Piano Band Piano Band Piano Band Piano Band Piano Band Piano Band cond. av 
1 93 93 95 97 92 100 100 = 100 92 89 94 +#100 95.4 
2 89 94 94 94 96 97 «100 97 100 98 96 99 96.2 
3 65 19 55 28 40 19 43 19 52 21 46 24 36.0 
4 43 47 55 54 57 50 73 48 56 56 64 59 55.2 
5 97 100 83 94 #100 100 100 100 «#4100 #4100 «#6100 += 100 97.8 
6 93 88 100 97 100 100 96 100 100 97 93 95 96.6 
7 36 54 54 49 28 46 31 57 40 50 36 49 44.2 
8 43 44 48 41 49 38 7 42 61 43 30 44 44.2 
9 87 86 96 81 89 86 100 94 96 85 90 82 88.5 
10 91 100 91 93 100 100 100 = 100 98 100 88 100 96.8 
11 39 34 39 25 29 25 39 32 40 25 31 30 32.3 
12 98 98 100 100 100 100 100 100 100 100 92 100 99.0 
13 26 23 28 23 29 27 30 26 21 24 34 26 26.4 
14 35 28 29 26 18 26 29 33 33 31 33 30 29.3 
15 39 41 62 55 44 51 44 36 43 57 42 39 46.1 
16 88 92 98 84 100 100 100 97 100 100 85 97 95.1 
17 100 =100 96 93 100 100 100 100 96 100 100 = 100 98.8 
18 64 83 71 79 82 81 98 95 92 89 42 63 78.7 
19 77 99 87 96 100 97 100 100 94 «69100 68 91 92.4 
20 93 90 96 77 98 91 96 93 95 93 79 83 90.3 
21 100 100 100 100 100 100 100 100 100 100 100 100 100.0 
22 87 98 92 87 94 100 100 100 100 97 80 97 94.3 
23 32 27 27 30 22 24 29 27 19 30 31 37 27.9 
24 57 78 78 76 66 83 69 90 91 83 69 83 76.9 
25 74 44 92 63 84 52 100 60 91 41 80 39 68.3 
26 86 89 88 92 97 96 100 100 100 100 74 95 93.1 
27 34 33 35 33 32 31 30 31 34 25 38 31 32.3 
28 94 95 100 909 #100 100 100 100 100 += 100 90 96 97.1 
29 75 73 96 77 83 82 100 83 87 83 54 73 80.5 
30 98 83 100 81 92 91 100 89 100 92 79 86 90.9 
31 35 32 28 31 43 24 37 24 38 20 48 24 32.0 
32 90 94 «9100 86 96 #86100 95 100 92 100 95 90 94.8 
33 39 54 36 48 33 56 35 52 39 49 29 44 42.8 
34 25 39 26 36 25 36 17 30 21 26 27 30 28.2 
35 53 59 36 46 63 59 56 59 55 64 54 65 55.8 
36 46 43 84 43 50 39 56 42 52 40 63 40 49.8 
37 21 27 25 31 25 32 17 31 22 24 30 30 26.3 
38 37 ae 44 39 28 26 32 32 33 28 28 31 34.3 
39 30 25 29 27 44 29 26 28 27 26 34 26 29.3 
40 31 25 41 32 30 18 34 30 25 24 33 26 29.1 
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above proposed weighting network. 
An oscillographic recorder was used as an 
indicator from which the peak weighted 
amplitudes for all of the flutter variations 
of Listener Preference Test II were ob- 
tained. The corresponding ranking scores 
were compared with these readings but 
little correlation was obtained. Most of 
the variations appeared to be due to the 
different weighting network but it was 
felt that some also resulted from the use 
of a peak indicator. A concrete explana- 
tion for the contradiction cannot be ad- 
vanced at this time but it is expected 
that this will be the subject of another 
paper. 

In order to compare the results of the 
present experiments with those of the 
previous experiments,‘ the listener pref- 
erence ranking scores of the latter for 
flutter rates from 0.5 to 5 c and ampli- 
tudes up to 5% peak were replotted in 
the form of equal ranking score con- 
tours as shown by the solid lines of Fig. 
8. Forty-three of the 70 flutter variations 
employed in the present experiments 
were plotted on this curve and the ap- 
propriate ranking scores obtained indi- 
cated in circles. The remainder of the 70 
flutter variations were not included since 
they either duplicated observations that 
are shown or their amplitudes and rates 
could not be determined adequately. 
The ranking scores, indicated at the 
plotted observations, are related to the 
contour lines. It should be noted that 
most of the ranking scores between 25 and 
30% fall on or below the threshold curve, 
all the ranking scores of about 33% fall 
near the LP-30 line, etc., until all rank- 
ing scores between 80 and 100% fall 
above the LP-80 contour line. This shows 
agreement between the previous and 
present experiments. The dotted lines on 
this figure represent an extension of the 
equal ranking score contours to flutter 
rates above 5 c as estimated from the re- 
sults of the present experiment. These 
extended contours, by their squeezing 
together above 10 c, suggest the non- 
linearity experienced for the flutter 
rates between 10 and 25 c. It is obvious 
that further experiments are required to 
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Fig. 8. Comparison of listener preference ranking scores with results of previous experi- 


ments. 


a. Material laboratory flutter perceptibility threshold for piano. 
b. Contour lines for equal listener preference ranking scores. 
c. Flutter perceptibility threshold for pure tone (Bell Laboratories Reverberant Audi- 


torium ). 


d. Stott and Axon flutter perceptibility threshold for piano.*® 


obtain an adequate measure of this non- 
linearity. 
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A 16mm Color Internegative Film 


for Use in Color 


Motion-Picture Photography 


A color film for making 16mm motion-picture internegatives from Kodachrome and 
other reversal originals is described. From these internegatives, release prints on 
color positive film, such as Eastman Color Print Film, Type 7382, can be produced. 
The internegative film contains colored couplers to provide masking for improve- 
ment in color reproduction. The structure of the film and its processing, sensito- 
metric and printing characteristics are described. 


A sysTEM of professional 16mm color 
motion-picture production in general use 
involves a reversal camera original film, 
such as Kodachrome Commercial Film, 
Type 5268, and a reversal duplicating 
material, such as Kodachrome Dupli- 
cating Film, Type 5265, or Eastman 
Reversal Color Print Film, Type 5269. 
When only a limited number of prints 
are needed, release prints are made 
directly from the camera original. For 
lap dissolves and other effects, A and B 
roll printing is the common practice. In 
cases requiring high-volume release print- 
ing, an intermediate reversal printing 
master is often prepared on either the 
camera or the duplicating films, from 
which the final prints can be easily made 
on the Kodachrome Duplicating Film. 
Rush or work prints from camera 
originals are available on the color 
duplicating film. These printing methods 
are shown schematically in Fig. 1. 

This system has the advantage that all 
stages involve reversal positives which 
allow visual evaluation of pictures for 
exposure and color balance. Further- 
more, dust or dirt on the films will appear 
as black specks, which are less objection- 
able than white spots on final prints. 

Disadvantages of the system are the 
degradation of color and tone qualities 
at each stage unless difficult and expen- 
sive masking methods are used; the 
higher cost of A and B roll release print- 
ing; and the complexity of processing the 
release print stock, which adds to the 
cost of each print. 

An alternative system for high-volume 
print production requires a color inter- 
negative stage and a color positive 
release-print material, as shown in Fig. 2. 
The printing master is made from the 
Kodachrome Commercial Film camera 
original onto a color internegative film, 
from which multiple release prints can be 


Communication No. 1794 from the Kodak 
Research Laboratories, presented on April 30, 
1956, at the Society’s Convention at New York 
by D. M. Zwick (who read the paper), H. J. 
Bello and C. E. Osborne, Research Laboratories, 
Eastman Kodak Co., Rochester 4, N.Y. 

(This paper was received on June 22, 1956.) 
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Release Print 


Fig. 1. Present professional 16mm dupli- 
cating system. 


economically and quickly made on a 
positive-type color print film, such as 
Eastman Color Print Film, Type 7382. 
With an internegative film containing 
color masks, the quality of the release 
prints can be quite high. Rush or work 
prints would be made on _ reversal 
materials, as is now done. 

This paper describes a new color 
internegative film for use as a printing 
master between color reversal originals 
and positive-type color release-print 
films. 


General Description 


The internegative film, called East- 
man Color Internegative Film, Type 
7270, is an incorporated-coupler type, 
multilayer material. The structure is 
shown schematically in Fig. 3. The three 


Kodachrome Commercial Type 5268 


Eastman 
Color Internegative 
Type 7270 


Eastman 
Color Print 
Type 7382 

Release Print 


Fig. 2. Proposed professional 16mm 
duplicating system. 
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By D. M. ZWICK, H. J. BELLO 
and C. E. OSBORNE 


color records are provided by emulsion 
layers sensitized to blue, green and red 
light, respectively, coated on a safety- 
film support. A yellow filter layer be- 
tween the blue- and the green-sensitive 
layers prevents blue light from reaching 
the bottom layers. A removable anti- 
halation layer is on the opposite side of 
the support. The emulsion layers con- 
tain, in addition to silver halide, coupler 
dispersions from which a cyan dye is 
produced, during processing, in the red- 
sensitive layer, a magenta dye is pro- 
duced in the green-sensitive layer, and a 
yellow dye is formed in the blue-sensitive 
layer. 

As is the case with Eastman Color 
Negative Film, Type 5248,' two of the 
couplers employed in the internegative 
film are themselves colored before proc- 
essing. The color of each of these colored 
couplers is discharged during processing 
in proportion to the amount of image 
dye formed, and the residual colored 
coupler serves as a mask to provide color 
correction for unwanted absorption of 
the image dye. The characteristics of 
these colored couplers are similar to 
those which have been described previ- 
ously,* but have been adjusted so far as 
possible to fit the particular masking 
requirements of the proposed system. 

In addition to image-forming agents, 
the emulsion layers contain soluble dyes 
which serve to reduce the scattering of 
light within the film during exposure, - 
and thus help to provide a sharper image. 
These dyes give the unprocessed film a 
purplish color which disappears during 
processing. 

Film Characteristics 

Eastman Color Internegative Film, 
Type 7270, is a slow, fine-grain, long- 
latitude, color negative film balanced for 
tungsten-light sources as commonly 


Fig. 3. Schematic cross-section of Eastman 
Color Internegative Film, Type 7270. 
(All layers contain a purple dye.) 
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found in motion-picture printers. The 
useful latitude of the internegative film is 
sufficient to record a brightness range of 
125 to 1, or a density range of 2.1 units, 
adequate to record the density range of a 
Kodachrome Commercial Film original. 
Contrast is approximately 0.50, to give 
optimum tone reproduction of prints on 
Eastman Color Print Film. Graininess 
has been made much lower than that of 
camera color films in order to minimize 
the granularity increase which invari- 
ably accompanies duplicating. 

The characteristic curves for the re- 
production of a scale of neutrals on 
Eastman Color Internegative Film are 
shown in Fig. 4. The three curves repre- 
sent densities of the neutral scale to red, 
green and blue light, respectively, as 
measured on the Eastman Electronic 
Densitometer, Model 31, with Eastman 
Status K Filters. The higher blue and 
green minimum densities arise from the 
colored couplers which provide masking. 

Raw-stock storage and latent-image 
keeping characteristics are quite similar 
to those described for Eastman Color 
Negative Film, Type 5248. 


Exposure of Internegative From 
Kodachrome Commercial Film 


Printing from Kodachrome Commer- 
cial originals onto Eastman Color Inter- 
negative Film, Type 7270, can be done 
on optical printers and on step- or con- 
tinuous-type contact printers; however, 
more exposure is required for the inter- 
negative than is commonly used in 
printing onto black-and-white or Koda- 
chrome Duplicating films. In specific 
tests, 25 to 50 times the exposure used for 
printing a Kodachrome Commercial 
original onto Kodachrome Duplicating 
Film, Type 5265, was required for 
printing that original onto Eastman 
Color Internegative Film. This increase 
in exposure can be attained by brighter 
light sources, more efficient optical sys- 
tems, and slower printer speeds. Inter- 
negatives have been made on a Model J 
Bell & Howell Printer, with a 500-w 
lamp operating at 100 v. The printer 
was modified to run at the rate of 12 ft/ 
min, and Light No. 16 was the average 
diaphragm used. 


4 Fig. 5. Relation of picture 
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recommended for eliminating the shorter 
ultraviolet exposure which affects slightly 
the printing contrast of the Kodachrome 
Commercial original. A heat-absorbing 
filter, such as Pittsburgh No. 2043,* 3 mm 
or more thick, is desirable for use with 
the more intense light sources. Under 
such conditions, with a printer lamp 
operating at 90 to 110 v, only very small 
values of color-compensating filters are 
needed in printing normal Kodachrome 
Commercial originals onto the inter- 
negative film. 

It may be desirable to use a step 
printer at this stage for optimum steadi- 
ness. This is because both the Koda- 
chrome Commercial Film and the East- 
man Color Internegative Film have 
16mm perforations of 0.2994-in. pitch 
(short pitch) for convenience in contact 
release printing. In any contact printer, 
good contact at the gate is necessary to 
provide optimum picture sharpness. A 
well-placed jet of air at the gate, which 
forces the two films together, is an 
efficient way of obtaining the desired 
degree of contact.‘ 

The Kodak Safelight Filter, Wratten 
Series 8, recommended for use with other 
Eastman Color products is adequate for 
use with Eastman Color Internegative 
Film. However, tests should be made 
under the actual conditions of use to 
determine exposure tolerance. 


* Manufactured by Pittsburgh Plate Glass 
Co., Pittsburgh, Pa. 
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Fig. 4. Characteristic curve 
of Eastman Color Internega- 

tive Film, Type 7270: Expos- 
ure — intensity-scale sensi- 
tometer, 1/25 sec; [llumina- 
tion — tungsten light plus 
+ Kodak Wratten Filter No. 2B 
plus 7-mm Pittsburgh No. 
2043 heat-absorbing glass; 
Density — integral, Eastman 
nl Status K Filters. 


20 
Relative log E 


Zwick, Bello and Osborne: 


30 


The high residual color of the colored 
coupler mask and the presence of the 
colors in their complementary dyes in 
Color Internegative Film make it quite 
difficult to evaluate an internegative 
visually for correct density and color 
balance. Some other method than visual 
inspection is necessary for determining 
optimum internegative exposure. A 
densitometer equipped to read small 
areas with red, green and blue filters can 
be used to measure the red, green and 
blue densities of extreme highlight and 
shadow areas of picture material on the 
internegative film. These density values 
can be compared with the density range 
available in the internegative as given 
by the characteristic curve. The lowest 
printer exposure that will reproduce 
extreme shadow areas on the straight- 
line portion of the internegative film 
characteristic curve is the optimum 
exposure. Then there will be sufficient 
exposure latitude in the internegative 
film to permit the extreme highlights to 
be reproduced at higher densities still on 
the straight-line portion of the character- 
istic curve. Figure 5 illustrates this con- 
dition. The dark squares represent the 
shadow areas in a picture, and the light 
squares represent the highlight densities, 
each measured with red, green and blue 
light. 

To determine the characteristic curve 
of Eastman Color Internegative Film, 
some means of providing a graded series 
of known exposure intensity to the inter- 
negative film is necessary. A_high- 
intensity, intensity-scale sensitometer, or 
a printer or scene-tester provided with a 
calibrated density wedgé provides such 
an exposure series. It is necessary to 
approximate the exposure time used in 
actual printing operations since the con- 
trast of the internegative film changes 
when exposure times depart significantly 
from the 1/5- to 1/50-sec range encoun- 
tered in motion-picture printers. The 
Eastman Intensity Scale Sensitometer, 
Model 15, and the Herrnfeld Sensitom- 
eter* have been used for this purpose, 


* Manufactured by Herrnfeld Engineering Co., 
Culver City, Calif. 


16mm Color Internegative for Color Motion Pictures 427 


20 
10 
i 


using exposure times of 1/25 and 1/10 
sec, respectively. The Kodak Wratten 
Filter No. 2B and a heat-absorbing glass, 
such as 7-mm Pittsburgh No. 2043, 
should be used in the sensitometer to 
provide proper color balance with the 
high-intensity tungsten source. 

The exposure scale thus obtained is 
developed in the process to be used for 
making internegatives, and the red, 
green and blue densities of the developed 
scale are plotted against the relative log 
exposure to provide the characteristic 
curve of the internegative film. The 
Status K Filters recommended for use 
with Eastman Color Negative Film, 
Type 5248,! are useful for densitometry 
of Eastman Color Internegative Film, 
Type 7270. 

Besides providing a basis for deter- 
mining correct internegative exposure 
conditions, the characteristic curve, 
when derived from reproducible ex- 
posures, provides a convenient monitor 
of film and process variations which aids 
in process and printer control.® 


Printing Internegatives to Eastman 
Color Print Film, Type 7382 


The procedures for printing Eastman 
Color Internegative Film, Type 7270, 
onto Eastman Color Print Film, Type 
7382, are very similar to those for print- 
ing Eastman Color Negative Film, Type 
5248, onto Eastman Color Print Film, 
Type 5382.1 Modifications of 35mm 
printing equipment to obtain more light 
and more precisely controlled color- 
balancing and color-timing have been 
described.* These are adaptable to 16mm 
equipment. Because of small differences 
in color between Type 7270 Color Inter- 
negative and Type 5248 Color Negative, 
and because of differences in the portions 
of the sensitometric scales of the two 
materials used for recording the picture, 
the color of the balancing filter-pack (or 
the relative settings for red, green and 
blue light in an additive printer system) 
used for printing from internegatives may 
be different from that used for printing 
from Eastman Color Negative Film. 
Again, good contact is essential between 
internegative and print film to minimize 
losses in picture sharpness. 

Cleanliness in the laboratory and care- 
ful handling of the film’ are very desir- 
able at this stage because dirt and 
scratches on the internegative will 
appear as objectionable white specks in 
the final print. 


Processing of Eastman Color 
Internegative, Type 7270 


The processing steps for Eastman 
Color Internegative Film, Type 7270, 
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Table I. Processing Steps for Eastman 
Color Internegative Film, Type 7270 


Step Time at 70 F 


Prebath. 

Spray Rinse . 

Color Development. 
Spray Rinse . 
Stop Bath. . 
Water Wash. 
Bleach 
Water Wash. 
Fixing Bath . 
Water Wash. 


. 10sec 

.10 to 20 sec 
. .(+0.5F)6 min 
p .10 to 20 sec 

4 min 

4 min 

8 min 

4 min 

4 min 

8 min 


Wetting Agent. . . 1 sec 
15 to 20 min 


Drying . 


are shown in Table I. This is the process 
recommended for Eastman Color Print 
Films, Type 5382 and 7382,' with two ex- 
ceptions. Time of development is reduced 
to 6 min, approximately half the recom- 
mended development time for Eastman 
Color Print Film. This change is re- 
quired to produce the desired sensito- 
metric characteristics and fine grain. 
This 6-min development time may vary 
from one type of processing machine to 
another, owing to mechanical differences 
which affect agitation and degree of 
development. However, when processing 
both color-print film and internegative 
in the same machine, the reduced de- 
velopment time should not be attained 
simply by speeding up the machine from 
the rate used in processing color-print, 
since other solution times may be re- 
duced beyond tolerance limits. 

The final stabilizing bath recom- 
mended for Eastman Color Print Film is 
not necessary for the internegative film 
and may be replaced by a rinse in a 
wetting agent only, to prevent water 
spots. When color internegatives are to 
be kept for future use and stabilization 
is desired, then the Stabilizing Bath 
(Kodak S-3) used in processing Eastman 
Color Negative Film, Type 5248, is 
recommended. The antihalation backing 
of the internegative film is similar to that 
used on Eastman Color Print Film and 
requires the same care in removal. 

Processed internegatives require care 
in handling and in storage to prevent 
accumulation of dirt and scratches and 
to prevent deterioration of film support 
and images. Controlled relative humid- 
ity will help achieve both these purposes. 
Storage at high relative humidity will 
promote growth of molds, physical dam- 
age to film, and dye changes. Very low 
relative humidity causes film to develop 
excessive curl, brittleness and shrinkage, 
in addition to promoting static condi- 
tions which increase the amount of dirt 
and dust. A relative humidity between 50 


and 60% at temperatures of 70-75 F 
are optimum for workrooms, and lower 
temperatures are preferable for film 
storage. 
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Discussion 
Forrest Jennings (Color Reproduction Co.): When 

will this stock be available? 

Mr. Zwick: 1 understand that the motion- 
picture film department of Eastman Kodak Co. 
will have it quite shortly. You can contact a 
member of that group and get more precise 
information. 

John B. Olsson (Houston-Fearless): Was the 
original Kodachrome of this material Type A or 
was it commercial? 

Mr. Zwick: This was on Commercial Koda- 
chrome. 

Earl W. Heister (U.S. Army Signal Corps): There 
seems to be some confusion. There has been the 
impression that Kodachrome Commercial was a 
Type B negative-type color film. Can you 
clarify this statement, please? 

Mr. Zwick: Yes, 1 think someone else may have 
confused you earlier, because the Kodachrome 
Commercial Film is a Type B Kodachrome-type 
film, a reversal film. There has been, as far as I 
know, no 16mm color negative-type film sold 
with a Kodachrome name. 

Mr. Heister: Do you use this as just a general 
term — or do you apply it to a specific type of 
film? 

Mr. Zwick: There are two types of motion- 
picture film called “amateur Kodachrome,” a 
daylight and a Type A film, and then there is a 
third camera original 16mm reversal film called 
Kodachrome Commercial Film, Type 5268, 
which is aimed primarily at the professional 
field, and this internegative film has been made 
primarily to go with those Kodachrome Com- 
mercial originals. 

Paul S. Peters (Motion Picture Advertising Service 
Co.): Have you tried to print from 35mm color 
negative onto 7270 to produce a positive for sub- 
sequent release printing on 5269? 

Mr. Zwick: No, I haven’t. 

Mr. Peters: Would the dyes match? 

Mr. Zwick: I believe the dyes would match 
but I don’t know what kind of a picture you 
would get. I have never seen an example of it. 
However, the contrast of the positive product in 
this manner would be much too low to produce a 
satisfactory print on Type 5269. 
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A Practical Device for the Recovery of Silver 


and Prolongation of Life of Fixing Baths 


Recovery of silver from fixing baths and consequent prolongation of the useful 


life of solution can be accomplished by simple electrolysis using currents of 150-175 
ma. These methods are ineffective in an installation processing large quantities of 
film because silver deposited in the solution soon exceeds the recovery rate. Various 
physical-chemical expedients, combined with electrolysis, were tried, these being 
such as would allow the use of higher currents while preserving the integrity of the 
thiosulfate ion. These tests have led to the development of a small, flexible and 
efficient silver recovery unit which makes possible significant savings in chemicals 


and recovered silver. 


pleats and photographers know 
that the main factor in exhaustion of the 
fixing bath is the accumulation of silver. 
The silver is not readily recoverable 
from the solution, so the common 
practice is to use the fixing bath until it 
becomes “slow” and then to discard 
it or sell it for a small fee to a solution 
service that will probably recover the 
silver by chemical substitution using 
zinc or iron. Chemical precipitation 
has also been used.' Both methods render 
the solution unfit for further use. 

It has long been known that some 
silver could be recovered from fixing 
solutions by electrolysis, but it was not 
until the work of Garbutt and Ingman? 
that the factors involved in designing 
an efficient device were understeod. 
Their work was followed by additional 
excellent work and development of a 
practical electrolytic silver recovery 
process by Hickman and Weyerts.’ 
This process, or some minor modifica- 
tion of it, has been in use for the past 
twenty years in the larger motion-picture 
and photographic processing plants 
where it is economically feasible to 
use a Hickman cell which is initially 
expensive and involves fairly high 
maintenance and operating costs. 

Interest in silver recovery for the 
smaller processing plants has been in- 
creasing in the last few years with the 
largest interest being in Great Britain in 
the Purhypo Process‘ which was de- 
veloped by Doffin and marketed by 
D. Pennellier and Co., Ltd. Similar 
units have been developed by Willier,® 
Fisher* and Baker’ in the United States 
and are enjoying some success. Kare 
Heiberg* in Norway has used a modifica- 
tion of this principle. 

In all types of electroplating the 
amount and rate of silver recovery are a 
direct function of the amount of plating 
surface available and the current den- 
sity. The Willier, Baker, Fisher, Pur- 
hypo and Kare Heiberg processes all 
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use, by necessity, low current density” 
and therefore have a relatively slow 
silver recovery rate which can be ac- 
celerated only by adding more plating 
surface. If high current density is used 
in this type of unit, silver sulfide will be 
formed and the fixing solution ruined. 
These units have the advantage of being 
so constructed that they will fit in the 
fixing tank and allow continual opera- 
tion while the tank is actually being used. 
However, in the usual busy x-ray 
laboratory the rate at which silver is 
dissolved into the fixing bath exceeds 
by far the ability of these units to recover 
the silver and “poisoning” of the solution 
continues. This can be compensated for 
to some extent by using multiple units 
and allowing the units to run overnight 
or when the fixing bath is not being used. 
Maintaining a low silver concentration 
in the fixing solution is of great value 
because by so doing it is possible to keep 
the fixing time relatively constant and to 
reduce the hazard of staining clothing 
with spots of fixing solution ; furthermore, 
the relative quantity of silver lost into 
the washbath when the films are removed 
from the fixer is kept at a minimum. 

It is apparent that any device for 
recovering silver and prolonging the life 
of the fixing bath should have great 
flexibility so as to be adaptable to varying 
concentrations of silver. It should possess 
the ability to reduce the silver concen- 
tration rapidly when necessary and still 
be able to run at low current densities 
when that is all that is essential to 
maintain the silver concentration at a 
low level. The device to do this should 
be portable and adaptable to the usual 
x-ray fixing tank. This would allow it 
to be used just as effectively in the radio- 
logical office as in the large hospital or 
clinic. With these considerations in view, 
the Palo Alto clinic began five years ago 
to develop such a device. 

Single stainless-steel cathodes and 
graphite anodes were first used on oppo- 
site sides of the fixing tanks and the 
number of elements gradually increased 
to improve the efficiency. All of the 
experiments were confined to fixing 
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solutions using sodium thiosulfate be- 
cause experience has shown that the 
staining of clothing is less than in solu- 
tions using ammonium thiosulfate. Using 
these simple devices it was found that if 
current densities exceeding 150-200 
ma/sq ft of plating surface were used 
in solutions of pH 5.6 or less a cloudy 
black precipitate was obtained on the 
plates, thus turning the entire solution 
into a gray-black suspension of silver 
sulfide. When the pH of the same solution 
was raised above 8 with sodium hy- 
droxide the same thing occurred with 
current densities varying between 70 
and 100 ma/sq ft. 

The chemistry of sodium thiosulfate 
solutions is very complex; however, the 
following will give some understanding 
of what is involved in the sulfiding 
process. Most of the silver in the fixing 
bath is present as sodium-argento- 
thiosulfate which dissociates as follows: 


NaAgS:O, = Nat + AgS:O.~ 


Thus, we see that the majority of the 
silver is carried in a negatively charged 
ion and will be attracted to the anode. 
Actually, the silver is carried in many 
very complex ions of the same _ basic 
composition, but this will serve to 
illustrate the reaction. The reactions 
about the cathode are complex and not 
well understood. However, a simplified 
explanation may be achieved by postu- 
lating that sodium cations are liberated 
at the cathode and these being very 
reactive do not plate out but remain in 
solution and aid in the dissociation and 
decomposition of any complex ions in 
the vicinity as follows: 


Nat + e => Na® 
2Na* = Na.S2O; Ag* 


2Na* + S:0;~~ 


Metallic silver is then deposited at the 
cathode as follows: 


Ag* = Ag? 


It can be seen that the deposition of silver 
is a secondary reaction at the cathode 
and that the initial migration of the 
silver-bearing ions is to the anode. 
Thus, any physical expedient producing 
flow of solution from the anode to the 
cathode and flow of the ions in the al- 
ready treated solution away from the 
cathode is advantageous. 

A simplified explanation of another 
reaction going on at the cathode affecting 
the thiosulfate is as follows: 


$:0;-- + 2e = SO;-- + S-- 
Dissociated sulfur and silver are then 
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available to form the noxious silver 
sulfide as follows: 


2Ag* + = 


We have found experimentally that this 
reaction occurs more readily in alkaline 
solutions. It is also true that the reaction 
at the cathode breaking down the thio- 
sulfate ion is a reversible one, and that if 
there is a sulfite ion present in the 
solution this reaction is inhibited by the 
law of mass action; hence, the forma- 
tion of a free sulfur ion can be inhibited. 
It also seems to be true that if the solution 
interfaced between the cathode and the 
main bulk of the solution is moved 
rapidly either by external agitation 
from air passing through the solution? 
or paddles,’ or if the cathode is actually 
physically moved itself,? the breakdown 
of the thiosulfate ion will be less likely 
to occur. A simple postulate for under- 
standing this is that the free thiosulfate 
ion is physically thrown a few molecules 
away from the cathode where it can be 
attracted by reactive sodium or silver 
ions. 

In the Hickman cell this motion of 
the solution past the plating interface is 
accomplished by paddles rotating be- 
tween the cathode and anode plates 
on a central shaft. We tried to produce 
this agitation by various paddle methods 
which might be inserted and removed 
in an ordinary x-ray fixing tank, but 
all of these proved to be cumbersome, 
extremely inefficient and spotty in the 
circulation that they produced. We 
then tested various forms and shapes of 
anodes which were moved through the 
solution. The first attempt at this was 
made by oscillating a single plate and 
we found that the current density could 
be increased somewhat before silver 
sulfide formation occurred. 

We next used various forms of paddles 
moving through the solution with the 
paddle acting as the cathode; this was a 
little more successful but silver sulfide 
was formed wherever the solution 
produced a “burble or ripple” past a 
paddle. We then tried a rotating rod of 
large caliber as the cathode with peri- 
pheral anodes of graphite. This was 
much more successful and produced 
an excellent plate of silver but did not 
offer much plating surface.® 

We tried many methods of increasing 
the plating surface and finally came to a 
series of disks which would rotate about a 
central shaft inserted vertically into the 
solution with the carbon anodes periph- 
eral to these disks. This combination 
accomplishes all of the requisites of 
allowing satisfactory plating. The plates 
are flat so there is a minimum of centrif- 
ugal swirl produced in the tank itself, 
while the solution immediately adjacent 
to the plates, which has come under the 
action of the cathode, is swirled by 
centrifugal force out into the main mass 
of solution in the fixing tank. This 
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produces a smail area of relatively de- 
creased pressure in between each plate. 
Fresh solution that has come into contact 
with the anode (including the negatively 
charged silver thiosulfate ions which 
tend to concentrate about the anode) 
is pulled into the space between the 
cathode plates where silver precipita- 
tion occurs. Initially in the plating 
operation the silver builds up evenly over 
the entire surface of the cathode disk. 
As plating continues the outer 0.75 cm 
builds up silver somewhat thicker than 
across the rest of the plate. 

Confirming the results of earlier 
experiments, we soon found that the 
higher the current density the more 
rapid is the necessary rotation of the 
plates (or movement of the solution) 
to avoid sulfide formation. Fortunately, 
the outer portion of the plating disk 
moves more rapidly at a point where the 
current density is highest; points closer 
to the central rotating shaft have a slower 
speed of angular motion but, also, the 
distance from the anode is greater so that 
the current density is proportionately 
diminished and sulfide formation does 
not occur. If disks 54 in. in diameter 
are rotated at 175 rpm plating can 
safely be carried out between 0 and 10 
amp, without appreciable sulfide forma- 
tion, when precautions of maintaining 


acidity and sulfite concentration are 
taken. In the unit shown in Figs. 1 and 
2 the central shaft and plating disks are 
made of type-316 stainless steel and the 
spacers in between the plates are made of 
carbon, as are the anodes. The top of the 
unit is made of nonconducting Plexiglass 
sheet and is designed to fit the usual 
fixing tank of 10-gal size or larger. 
All bearings are above the solution 
and never come in contact with it. 
Direct current is supplied to the cathode 
and anodes by a full wave bridge-type of 
selenium rectifier with an autotrans- 
former providing variability of current. 

It was found that an average of 800 
mg of silver is deposited in the fixing 
bath for every 14 X 17 screen-type film. 
Nearly all of this silver is recoverable 
and the loss from carry-over of the silver 
solution of a high concentration into the 
wash water is minimized by frequent use 
of the processing unit to remove the 
silver and keep it at a low concentration. 
By using this method the useful life of 
the hypo may be prolonged from eight 
to ten times. The recovered silver can 
be readily harvested from the plates by 
removing the nut at the bottom of the 
shaft and sliding the plates off. The 
disks are then bent between the thumbs 
and forefingers in two or three directions 
and the recovered silver falls off without 


Fig. 1. The electrode unit (shown at lower left) fits on the top of the fixing-bath tank. 
The central cathode rotates and the two lateral carbon anodes are stationary. The 
rectifier in the upper right is of conventional design. Variability of current is pro- 


vided with a Variac-type auto transformer. 
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Fig. 2. The electrode unit in place in the 
fixing-bath tank. 


difficulty (Fig. 3). A loaded cathode can 
be completely cleaned in twenty minutes. 

After continued use, developer carried 
over into the fixing solution builds up in 
concentration, and when current is 
passed through the solution turns brown. 
A small amount of dark silver sulfide is 
formed even if conditions are scrupu- 
lously watched. Gelatin in solution also 
precipitates out on the cathode and is 
deposited in the solution as complicated 
silver conjugates which produce a sludge 
in the tank. At this point it is advisable 
to increase the current so that all of the 
silver will be recovered from the fixing 
bath and then discard the solution. 
The carry-over of developer is minimized 
by sufficient washing, and when we have 
used the two-fixing-tank system the 
second fixing tank has always run much 
longer than the first before becoming 
discolored. This is due to less carry-over 
of developer. 

This device will work successfully 
with most fixing bath formulas. The 
following has been found to be satis- 
factory: 


Fig. 3. Metallic silver 
as it is recovered from 
the cathode disks. It 
averages 94 to 96% 
pure silver. 


Water, about 125 F. 

Sodium thiosulfate (micro-crystal . 
Sodium sulfite (desiccated) 
Potassium alum 

80% acetic acid 

Cold water to make 


Replenishing is done with sodium thio- 
sulfate crystals and dissolved sulfite and 
alum in approximately the same propor- 
tions. Maintaining the sulfite concentra- 
tion facilitates silver recovery on the 
cathode and minimizes sulfide formation. 
An excess of sodium thiosulfate should be 
avoided as concentrations above 60% 
will produce slow fixation just the same 
as low concentrations or saturation with 
silver. 

For the past six months the Clinic has 
used a unit like the one shown in Figs. 1 
and 2 in a separate tank. The solution 
is circulated through the tank which 
contains the processing unit and then 
through a small Fiberglas filter. This is a 
very satisfactory arrangement which 
allows the increase or decrease of the 
rate of silver recovery during the day 
as the film load demands. 
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Carbon Arcs for 


Television Studio Lighting 


The performance of typical carbon arcs suitable for TV studio lighting, particularly 
for special effects on stage and for process projection in both black-and-white and 
color TV are described. Color modified carbons, the light from which can be 
mixed with that from other types of light sources, with little or no filtering, are 


emphasized. 


Ges ARCs available for black-and- 
white television studio lighting were 
described in detail in 1946 by Bowditch, 
Null and Zavesky,' when the television 
industry was in its infancy. These in- 
cluded 8mm flame and 16mm High 
Intensity Motion-Picture Studio positive 
carbons designed for burning in Mole- 
Richardson Type 40 Duarc and Type 170 
spotlight lamps, respectively. In 1948 
a 16mm Super High Intensity Studio 
positive carbon was developed for the 
Mole-Richardson Type 240 lamp, gen- 
erally referred to as the “‘Brute,”’ and for 
process projection in the motion-picture 
industry. These carbons are still available 
for TV studio lighting. 

Although spectral characteristics of 
light sources are of secondary importance 
in black-and-white television, they are of 
primary importance in color television. 
Spectral requirements for color television 
and spectral characteristics of a number 
of available light sources have been 
described by both O’Brien? and Gurin.* 
This paper will further describe the 
characteristics of arc carbons which may 
be suitable for black-and-white and color 
TV applications. 


Process Projection 


At the present time the most frequent 
application of the carbon arc in TV 
studio lighting, both black-and-white 
and color, is as a light source for process 
or rear projection. It is particularly 
applicable to color television, where a 
minimum screen brightness of 300 ft-L 
is required on the camera side of the 
screen. 

An 11mm High [Intensity Projector 
positive carbon has been used by some 
studios as a light source for process 
projection in both black-and-white and 
color television. A 13.6mm High Intens- 
ity Projector carbon can be used to 
greater advantage with a 4 in. X 5 in. 
aperture as a means of obtaining a more 
favorable distribution of light upon the 
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screen, as well as a higher level of 
illumination. This carbon has a current 
range of 125-150 amp. Figure 1 shows 
the spectral energy distribution of the 
light from the crater of this carbon at 150 
amp. Still better light distribution can be 
obtained with a 16mm High Intensity 
Studio carbon operating in the current 
range 150-160 amp, although the total 
screen light may be somewhat less than 
that of the 13.6mm_ High Intensity 
Projector carbon, in the same current 
range, because of its lower current 
density and brightness. The 16mm 
Super High Intensity Studio carbon at 
225 amp has the same current density as 
the 13.6mm High Intensity Projector 
carbon at 160 amp, and its brightness is 
midway between those of the latter 
carbon and the 16mm High Intensity 
Studio positive. It may, therefore, be 
more advantageous to use it rather than 
either of the other two carbons. 

In process projection most of the use- 
ful light has its origin in the crater of the 
positive carbon. The color temperatures 
of the light from the crater of the carbons 
described above are in the 5900 K to 
6600 K range. These carbons can be used 
without filters for process projection in 
black-and-white television, where light 
from sources having different color 
temperatures can be mixed without 
distortion of the picture. In the case of 
color television, where all light must be 
of the same color temperature to prevent 
color distortions, the carbons can also be 
used without filters provided the entire 
stage is illuminated by the same type of 
light source. When the stage is illumi- 
nated with incandescent tungsten, how- 
ever, filters must be used with the above 
carbons to reduce their color tempera- 
tures to a point where light from the two 
types of sources can be mixed without 
noticeable visual effects. The use of 
filters, however, appreciably reduces the 
available light. 

Since the major problem in process 
projection for color television is one of 
obtaining an adequate light level, the 
most useful light source would be one 
with all the power and intensity of the 
carbon arc, but with a spectral quality 
similar to that of incandescent tungsten. 


By R. B. DULL 
and J. G. KEMP 


A similar need in the motion-picture 
studios has led to the development of 
such a color-modified carbon, or yellow- 
flame carbon as it more commonly is 
called, for both lighting on the motion- 
picture set and for process projection. 
This carbon is a 16mm Super High 
Intensity Yellow-Flame Studio carbon, 
designed to burn at 225 amp. It has been 
described in detail in an earlier paper.* 

In addition to the standard 16mm 
Super High Intensity Yellow-Flame 
Studio positive, two experimental yellow- 
flame carbons are available for evalu- 
ation as a light source for TV studios. 
One is a 16mm High Intensity Yellow- 
Flame Studio carbon for use in the 150— 
160 amp range, while the other is a 
13.6mm High Intensity carbon designed 
to burn at approximately 150 amp. The 
former is being developed primarily for 
the motion-picture industry, and is sub- 
ject to changes, if necessary for that 
application. The latter is being de- 
veloped primarily for TV studio applica- 
tion. 

Figure 2 shows the spectral energy 
distribution of the average crater light 
from the experimental 13.6mm High 
Intensity Yellow-Flame positive carbon 
at 150 amp. The curve has peaks at 600- 
610 and 530-540 my and valleys in the 
570-580 and 480-500 my _ regions. 
Figure 3 is the spectral energy distribu- 
tion of the average crater light from the 
experimental 16mm High Intensity Yel- 
low-Flame Studio positive carbon at 
160 amp. There is very little difference 
between Figs. 2 and 3. 

Figure 4 is the spectral energy distribu- 
tion of the average crater light from the 
16mm Super High Intensity Yellow- 
Flame Studio positive carbon at 225 amp. 
The differences in energy between the 
peaks and valleys are not as great as 
those in Figs. 2 and 3, for the experi- 
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Fig. 1. Spectral-energy distribution of 
crater light for 13.6mm High Intensity 
Projector positive, 150 amp. 
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mental 13.6mm High Intensity Yellow- 
Flame and experimental 16mm High 
Intensity Yellow-Flame Studio carbons, 
respectively. 

Table I gives additional character- 
istics of the standard and experimental 
carbons when used in a condenser-type 
35mm motion-picture projection lamp 
with {/2.0 optics, and with a 0.600 in. X 
0.825 in. standard 35mm motion-picture 
sound aperture and an /{/2.0 projection 
lens. A 4 in. X 5 in. aperture is com- 
monly used for process projection in TV 
studios. Apertures and optical systems 
for motion-picture projection differ so 
widely from those for process projection 
in TV studios that light on the process 
screen in the latter case cannot readily 
be calculated from the data in Table I. 
The data, however, do give an indication 
of what can be expected of the various 
carbons. 

The third column of Table I gives the 
total screen light when the lamp is 
adjusted for maximum screen light. 
These figures indicate that the 13.6mm 
High Intensity Projector carbon at 150 
amp produces more light than any of the 
other carbons listed. The magnification 
of the optical system is such that when 
16mm carbons are used there is con- 
siderable spill over of light around the 
motion-picture aperture, thus a sizable 
portion of the light from these carbons 
has been wasted. 

As previously stated, filters are re- 
quired with non-color-modified carbons 
for process projection in color television 
to reduce the color temperature of the 
light to that of the light from incandes- 
cent tungsten, when the latter is used as a 
light source for general stage lighting. 
Filters used for this purpose reduce the 
light level by approximately 40%. The 
motion-picture industry has found that 
the filtering of light from the 16mm Super 
High Intensity Yellow-Flame Studio 
carbon is not necessary for process 


projection, when projection is done with 
a relay-condenser type optical system. 
Since this type of optical system is also 
used for process projection in TV studios, 
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Fig. 2. Spectral-energy distribution of 
crater light for experimental 13.6mm 
High Intensity Yellow-Flame Studio posi- 
tive, 150 amp. 


Table I. Screen Illumination With Condenser-Type 35mm Motion-Picture Projection 
Lamp With f/2.0 Optical System — 0.600 X 0.825” Aperture. 


Relative 
Radient 
Approx. Energy 
Max. Usable relative Side-to- Flux at 
Arc screen light in screen center center of 
Carbon amperage lumens lumens light distr. Aperture f 
13.6mm H. I. Projector . 150 19,500 11,700* 100 60% 100 
Exp. 13.6mm H. I. Y.-F. 150 18,000 18,000T 155 70 55 
16mm H. I. Studio. . . 160 15,900 9,500* 80 55 80 
Exp. 16mm H. I. Y.-F. 

160 15,700 15,700T 135 65 50 
16mm Super H. I. Studio 225 17,600 10,600* 90 70 85 
16mm Super H. I. Y.-F. 

225 18,900 18,900T 160 70 75 

* Assuming 40% filter loss. 

+ Assuming filtering is not necessary. 

} Assuming no filtering loss. 
the assumption has been made that craters in the yellow-flame carbons. 


filtering will not be required with the 
yellow-flame carbons in this application. 
Column 4 of Table I shows the usable 
light produced by each of the carbons, 
assuming no filter is needed with the 
yellow-flame carbon, and 40% filter loss 
with non-color-modified carbons. 

Column 5 gives the relative usable 
screen light with the 13.6mm High 
Intensity Projector positive carbon as a 
base. In general, the yellow-flame carbon 
produces 35-65% more usable light than 
the reference carbon, under conditions 
described above. The experimental 13.6- 
mm High Intensity, the experimental 
16mm High Intensity Studio, and the 
16mm Super High Intensity Studio 
Yellow-Flame carbons produce 55%, 
65% and 75% more usable light, respec- 
tively, than their non-color-modified 
counterparts. 

Column 6 shows that the experimental 
13.6mm High Intensity Yellow-Flame 
and 16mm High Intensity Yellow-Flame 
Studio carbons produce higher side-to- 
center light distribution than do their 
non-color-modified counterparts. This 
is probably due to a change in shape of 
the luminous gas ball at the crater of the 
positive carbon as a result of shallower 


RELATIVE ENERGY 


WAVELENGTH MILLIMICRONS 


Fig. 3. Spectral-energy distribution of 
crater light for experimental 16mm High 
Intensity Yellow-Flame Studio positive, 
160 amp. 


Since there is little or no difference in the 
crater depths of the two Super Studio 
carbons, there is no difference in side-to- 
center light distribution. 

Since television techniques call for the 
continuous projection of a slide for as 
long as 30 min or more, heat at the 
aperture is an extremely important fac- 
tor. The last column of Table I gives the 
relative radiant energy flux at the center 
of the aperture, assuming no filtering, 
with that produced by the 13.6mm High 
Intensity Projector carbon as a_ base. 
The radiant energy flux is considerably 
less with yellow-flame carbons than with 
their non-color-modified counterparts. 
In general it is 10-45% less, with the 
greatest difference being between the 
two 13.6mm carbons. 

The color temperatures of the light 
from the craters of the various carbons 
are listed in Table II. As previously 
stated, the color temperatures for non- 
color-modified carbons are in the 5900— 
6600 K range. That of the two experi- 
mental yellow-flame carbons is 3400 K, 
whereas the color temperature of the 
16mm Super High Intensity Yellow- 
Flame Studio carbon is 4100 K. The 
latter color temperature may appear to 
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Fig. 4. Spectral-energy distribution of 
crater light for 16mm Super High 
Intensity Yellow-Flame Studio positive, 
225 amp. 
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Fig. 5. A scene from “‘The Ten C 


tacle in VistaVision; A Paramount picture, Loyal Griggs A.S.C., Director of 


Photography. 


be too high without filtering, but as 
indicated above, the motion-picture 
industry is using it without filtering for 
process projection when photographing 
with 3200-3400 K color film.‘ 

All color temperatures in Table II 
were determined from CIE trichromatic 
coefficients obtained from spectral energy 
distribution curves of the crater radia- 
tion. 


Special Lighting Effects on Stage 


In addition to process projection the 
carbon arc is a useful light source for 
creating special lighting effects upon the 
TV studio stage. It is extremely useful 
for simulating sunlight where the light 
level must be considerably higher than 


that for general stage illumination. 
Figure 5 illustrates how the motion- 
picture industry has used the carbon arc 
to create the effect of open shade and 
give the illusion of a semi-open structure. 
Without this special lighting effect the 
scene would appear flat, and the illusion 
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of a semi-open structure would be greatly 
reduced, if not lost altogether. 

The carbon arc is also capable of 
creating sharp shadows. At the present 
time no other light source can equal the 
carbon arc in this respect. In Fig. 6 the 
shadow pattern of the window lattice is 
well defined on the wall, not only creat- 
ing the effect of sunlight streaming 
through the window, but also giving 
depth to the scene. The number of spe- 
cial lighting effects which can be created 


Table Il. Color Temperature of Crater 
Light. 


Color 
Carbon temp. 


13.6mm H. I. Projector. 6100 K 
Exp. 13.6mm H. 1. Y.-F. . 3400 
16mm H.I. Studio .. . 6600 
16mm H. I. Y.-F. Studio . 3400 
16mm Super H. I. Studio. 5900 
16mm Super H.I. Y.-F. 

Studio . 


Fig. 6. A scene from ‘“‘Diane,”’ an M-G-M picture; 
Robert Planck A.S.C., Director of Photography. 


by using the carbon arc in this manner 
depends upon the ingenuity of the studio 
lighting engineer. 
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The Art of Color TV 


Procedures outlined in this paper will attempt to compare black-and-white and 


color TV. Some procedures were developed and tested on a theoretical basis; 
others evolved after practical experience in color TV production. These techniques 
and procedures are offered with the intent of making commonplace the means 
for presenting creative color pictures which satisfy existing technical standards. 


Clin television requires light intensi- 
ties five times the value for black-and- 
white, necessitating additional initial 
expenditures for lighting equipment, 
grid structures and control equipment. 
The highlight levels make it difficult for 
the lighting director to read the light on 
the set. It is far more difficult to light by 
eye a color set than a black-and-white 
set. Color necessitates the use of a 
photometer. 

The physical bulk of the camera acts 
as a limitation on the height of the key- 
lights. The lenses on a black-and-white 
camera are approximately eight inches 
from the top of the camera. The lenses 
on a color camera are approximately 
twenty-two inches from the top of the 
camera. This forces keylights higher and 
creates a problem in face modeling. 

At CBS, it was found that the 1500-w 
scoops and the 1-kw, 2-kw and 5-kw 
spotlights blend together very well to 
provide the light level and the modeling 
that we desire. At the present time, it is 
necessary to employ the 3-kw tungsten 
spotlights rather than the carbon arc. 
The color temperature of the carbon arc 
is too blue to serve satisfactorily as a 
keylight or an accent light. Our light 
control instrument is a Century Izenour 
electronic board capable of handling 
750,000 watts at a time. 

Flat gray surfaces are extremely 
difficult to render as gray surfaces. 
Minor defects inherent in the electronics 
system show up as spurious coloring on 
the field. The biggest single limitation 
and that which vitally affects every 
phase of color broadcasting is the narrow 
range from highlight to black. With all 
the elements perfectly attenuated, the 
widest practical range obtainable is 
1 f-stop. 


Kelvin (Color Temperature) 


The color cameras in use today can be 
adjusted to reproduce ; properly color 
pictures at any given color temperature. 
The only limitations regarding color 
temperature are economy and variations 
of color temperature within the set. The 
Kelvin values should not exceed plus or 
minus 100°. CBS Television has com- 
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bined 2950 K scoops and 3200 K spot- 
lights, giving an average of approxi- 
mately 3000 K. It was ascertained that if 
the scoops had been changed to 3200 K, 
the initial cost and shorter life of the 
lamps would increase the overall cost 
approximately 60%. The ideal situation 
would be to use lamps in the spotlights 
with a Kelvin rating of 2900° or 3000°. 
The lower filament temperatures and 
resultant longer life of the lamp would 
afford greater economy and provide for 
longer period of stability. 

Care must be exercised when dimming 
lights that are used for color television. 
It is safe to calculate on a loss of 10 K for 
every volt. This change in color tempera- 
ture can be tolerated when it is rendered 
on scenery and on backgrounds. At CBS 
dimming is used to balance sets and to 
create artistic effects, but is never 
allowed where it would affect skin tones. 
Skin tone is regarded as the most im- 
portant standard in the color picture. 
As long as skin tones appear natural to 
the public, the color picture will be 
successful. Variations in the background, 
such as a lighter blue or a darker blue, 
are far more acceptable to the viewing 
public than skin tone that does not seem 
quite natural. 

Design 

Design function is treated here in a 
very broad sense. Since costuming and 
set decoration are closely allied to design, 
and in many cases determined by the 
design, the following comments apply to 
all. The 1 f-stop limitation affects the 
designer as much as the lighting director. 
He must operate within a narrow limit of 
reflection and brightness. His ability to 
keep objects in the set within this limita- 
tion will determine the success or failure 
of the color picture. Charles Barkley of 
CBS has calibrated completely the 
Munsell Color System. This has served 
as an invaluable aid to designers. 

Early in color television it was found 
that color contrast alone was not suffi- 
cient to render a good technical picture. 
A 40% reflectance blue next to a 40% 
reflectance red certainly afforded great 
contrast in color. However, when this 
same picture was viewed on a black-and- 
white monitor, the two surfaces blended 
together with no separation at all. This 
required the set designer to consider the 


By SALVATORE J. BONSIGNORE 


luminance and reflectance of surfaces as 
well as actual color. [t was discovered 
that scenery designed with depth and 
dimension would create shadow areas 
and roundness which helped immeasur- 
ably to produce good color and black- 
and-white pictures. It was found to be 
far more satisfactory to put molding and 
trim on the scenery rather than just 
painting it on, as was common in black- 
and-white. 

In many cases where definite strong 
color is desired, it is far more effective 
to paint color in the object rather than 
depend upon colored light. 

In respect to paints and fabrics, it was 
found that matte paints, velour and felt 
fabrics, because of their light diffusing 
quality, rendered color far more satis- 
factorily than specular fabrics, (i.e. 
silks and satins) and hard paints, (i.e. 
glossy enamel). 

A 60% reflectance gray resolves itself 
on color TV as white. Since skin tones 
average from 35% to 45% reflectance, 
we have found that the backgrounds 
behind actors should be between 20% 
and 40%. 

It may not be scientifically true, but 
it has been the experience of the author 
that any single hue can be accurately 
reproduced. When the hue is mixed 
with white to create a tint, the resolution 
on the color picture is generally lighter 
than that which appears to the naked 
eye. The converse is true, that any hue 
mixed with black to produce a certain 
shade generally resolves itself darker 
than appears to the naked eye. 


Make-Up 


In addition to the usual functions of 
make-up, such as wigs, hair, etc., there is 
another service that make-up renders to 
color. Because of the 1 f-stop limitation, 
it is frequently necessary to darken the 
skin tones of very fair people and lighten 
the skin tones of people who are sun- 
burned or dark-complexioned. A wide 
variation of skin tone can be disastrous. 


Gelatin Filters 


The use of gelatin filters in color TV 
has many advantages and disadvantages. 

Among the disadvantages, the greatest 
is the loss of energy. When we have to 
maintain light levels of 500 ft-c, the loss 
of from 30% to 90% of the light through 
the gelatin filter becomes a_ serious 
economic consideration. In addition, 
the tremendous light level and conse- 
quent heat generated has a tendency to 
burn gelatin filters quickly, altering the 
color and requiring many man-hours of 
preparation and replacement. 


There is also a danger that the light 
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from the lamp with the gelatin filter may 
contaminate the light hitting a face. 
This has the adverse effect of making the 
face appear unnatural. 

The chief advantage of the use of gela- 
tin filters is in creating a mood. A scene 
representing lighting by a fireplace or 
old-fashioned gas lamps can be greatly 


lows, etc. The pinks and reds can also be 
employed to indicate warmth, happi- 
ness, etc. In the case of a cold exterior, 
blues can be employed advantageously. 
These are legitimate uses for gelatin 
filters, limited only by the ingenuity and 
artistic taste of the lighting director. 
Actual experience and experimenta- 
tion have convinced us that anything 


that can be done in black-and-white TV 
can be done in color TV; all that is 
required is a proper understanding of the 
limitations and the techniques that can 
be employed to compensate for the 
limitations. Technical advances in this 
field will put more tools in our hands to 
create more effective and _ beautiful 
pictures. 


augmented by the use of ambers, yel- 


16mm Registration and Steadiness Test Film 


A NEW 16mm test film that measures registration, aper- 
ture size, resolution, shutter timing, centering of the 
image, steadiness of its own test image with respect to the 
perforation, and also provides a “‘thousandths scale” for 
measuring film movement in double-exposure testing of 
printer steadiness has been added to the Society’s catalog 
of films. Providing in a single test film of high accuracy 
several quantitative visual tests that have always been 
difficult to perform, this reel will be used for quality 
control by manufacturers of 16mm _ projectors, in film 


laboratories to adjust 16mm printers, and for precise 
alignment of 16mm black-and-white and color television 
film chains. 

Development work on the film was done over a period 
of two and a half years by George W. Colburn of Geo. W. 
Colburn Laboratories, Chicago. The film, Code-Reg-16, 
comes in lengths of 100 ft and is priced at $27.50, avail- 
able from the Society of Motion Picture and Television 
Engineers, 55 West 42d Street, New York 36, N.Y. 
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Threading Leaders for TV Films 


Tue First negative of this leader, made in 1951, had, 
through a mistake, a rather dense bar running horizon- 
tally through the center of the frames which follow No. 3. 
Although many thousands of prints have been produced 
since that black bar was eliminated, there are still in use 
some master positives or dupe negatives of the leader, 
showing this bar. They should be disposed of and replaced 
with either 45 to 50 frames of black film (clear in the 
negative) or with a new leader. The latter is preferable 
because those trailing frames were intended to have a 
density of about 1.6 as a concession to improved per- 
formance with iconoscope film chains. Black film of high 
density is less satisfactory for television reproduction. 

Since its introduction by the Society early in 1951, the 
film leader shown here has become a trusted friend of 
television projectionists in all stations in the United 
States. It is familiar to all producers of commercial 
films and to all laboratories. It serves as a threading 
guide and because the sequence of numbers, as well as 
the spacing between them, is operationally similar to 
the familiar “‘academy” leader previously used on all 
theatre prints, its essential details comply with American 
Standard Z22.55-1947, last published in the March 
1948 Journal. 

Fine grain master positives of this leader have long 
been available from SMPTE headquarters. They come 
three to a roll in continuous length, $5.00 in 35 mm, 
$2.00 in 16mm. Dupe negatives of this leader are fre- 
quently spliced to the picture printing negative for 
commercial films so that resulting projection copies 
have their own leaders attached, or prints from dupe 
negatives of this leader are spliced to the head ends of 
assembled rolls of television film to be integrated into 
live television programs. It is important that the switch- 
ing cue — the little round circle that appears 40 frames 
after the No. 3 — not be lost through repeated splicings. 
If it must be chopped off, some other recognizable cue 
should be substituted so that the video control engineer 
or technical director will not find himself without the 
usual switching cue. 
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Fall Convention 
Program 


The nation’s film capital is the appropriate 
setting for what promises to be one of the 
most important conventions of recent years. 
The centrally located Ambassador Hotel 
offers spacious accommodations in delight- 
ful surroundings. In 1953 the Convention at 
Los Angeles broke all previous attendance 
records, and the 80th Convention is ex- 
pected to shatter that record. 

The serious and important reason for the 
convention is, of course, the presentation of 
technical papers, the exchange of ideas in 
discussions, and the informative exhibits 
of new products and developments. But, as 
a well balanced meal offers salad and dessert 
in addition to the meat course, the Conven- 
tion also offers exciting social events and 
carefully planned excursions for members, 
their wives and everyone attending the 
Convention. 

The Get-Together Luncheon will be 
held October 8 at 12:30 in the Am- 
bassador’s beautifully decorated Embassy 
Room. On Tuesday, October 9, the ladies’ 
program will have a special feature — an 
all-day trip through Disneyland. The trip 
will include transportation from the Hotel 
to Disneyland and return, tickets to ten rides, 
luncheon at the Red Wagon Restaurant, 
and a special showing at the Golden Horse- 
shoe Theatre. 

The peak of the week’s social activities 
will be reached Wednesday evening. The 
festivities will begin with an aquacade held 
in, and a cocktail party around, the Am- 
bassador’s swimming pool. After the cock- 
tail party the banquet will be held in the 
famous Cocoanut Grove, departing from 
tradition to the extent of offering a genuine 
Hawaiian Luau (feast). Music will be by a 
Hawaiian quartet in addition to the regular 
Cocoanut Grove orchestra and entertain- 
ment. Dress for the occasion will be semi- 
formal with the ladies looking their prettiest 
and most elegant and the men acting as a 
distinguished but unobtrusive background 
to the glitter and glamor. 

The Awards Session will be held Tuesday 
evening, October 9 at the Ambassador 
Hotel. S. Eric Howse, Technicolor Motion 
Picture Corp., has been appointed Chair- 
man. Dr. William H. Pickering will speak 
on “Project Vanguard — The Earth 
Satellite.” At this session the Convention 
will honor those who have made outstand- 
ing contributions to the advancement of 
motion-picture or television engineering. 


Papers Program 


To return to more formal matters, during 
Convention Week seven main topics will 
be covered in 15 sessions (July Journal, p. 
387). Considerable interest has been ex- 
pressed in the Transistor Session. Among 
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the important papers that wili be presented 
are “Transistors and Vacuum Tubes,” by 
Dr. Robert D. Middlebrook, California 
Institute of Technology; and ‘“Transis- 
tors — General Applications,” by Richard 
B. Hurley, Convair. Other papers, tenta- 
tively scheduled, cover specific application 
of transistors to motion-picture and TV 
engineering and a description of a 50-w 
amplifier. 

Among the papers scheduled on other 
topics are: “The Reversed Anamorphic 
Projection Lens (Panavision)’’; ““The IPC 
Curved Film Gate”; “An Adjustable 
Curved Screen Frame”; “Magnetic Film 
Bulk Erasing Systems,” and ““The M-G-M 
65-mm_ Process.” 

The reversed anamorphic projection lens 
for CinemaScope projection squeezes the 
picture vertically rather than expanding 
the picture horizontally. This lens is of 
special interest to theaters using local focal 
length lens since it results in higher screen 
brightness and a sharper picture. 

The International Projector Corp. curved 
film gate will be demonstrated under high 
light levels to show the improvement in 
picture sharpness. 

An adjustable curved screen frame will 
be described and demonstrated. This frame 
permits adjusting the curvature of a motion- 
picture screen from a very deep curve to 
flat to accommodate the various film 
systems. 

Several major studios have designed and 
built excellent bulk erasing equipment. 
The paper on this subject describes the best 
of these in detail giving construction details 
and performance. 

The new M-G-M 65mm process will be 
described and demonstrated during an 
evening session at the M-G-M_ studios. 
At this same session there will be two papers 
from Westrex on 6-channel stereophonic 
sound equipment with demonstration. At 
this session there will also be a paper on the 
65-35mm Simplex projector, as well as a 
demonstration of the reversed anamorphic 
projection lens. 

For the other sessions there is definite 
assurance of a paper from du Pont on the 
dielectric splicer; a paper on the Cine- 
miracle process; a paper on “The Analysis 
of Background Process Screens,’ and a 
paper by Ralph Evans of Eastman Kodak 
on “Contrasts and Sharpness in Motion 
Pictures.” 

Ampex is planning a full technical 
description with demonstrations of their 
video tape recording process — as a follow- 
up of the Spring Convention presentation 
(May Journal, pp. 302-304). 

Under Program Chairman Petro Vlahos 
(who is also the Papers Committee Vice- 
Chairman in the Convention location area), 
Topic Chairmen function locally to develop 
one or more sessions, In addition, the other 
Vice-Chairmen under Papers Committee 
Chairman Ralph E. Lovell help build each 


reports 


program. They are: J. E. Aiken, G. G. 
Graham, C. E. Heppberger, B. D. Plakun and 
J. H. Waddell. 

Operating in special areas are two very 
important members of the Committee: 
Glenn E. Matthews at Rochester, N.Y.; 
and Walter S. Tesch at Camden, N.J. 

Although the deadline is past for authors 
to submit forms for papers to be described 
in the postal notice about the Convention 
and although manuscripts must be in the 
Editor’s hands by August 31, prospects for 
papers or demonstrations of vital interest 
may still be taken into account if any of the 
following is advised by wire: 


Program Chairman: PETRO VLAHOS, 
c/o Motion Picture 
Research Council, 
6660 Santa Monica 
Blvd., Los Angeles 
38, Calif. 


TOPIC CHAIRMEN 
Television — General: Frank J. Gaskins 
Laboratory Practice: William E. Gephart, Jr. 
Transistors and Transistor Applications: 
Kurt Singer 

Projection & Exhibition: 

Merle H. Chamberlin 
Motion-Picture Practice: Frank E. Milton 


Instrumentation & High-Speed Photog- 
raphy: Roy L. Wolford 


Equipment Exhibit 


John B. Olsson, Houston Fearless, 11801 
W. Olympic Blvd., Los Angeles 64, is 
SMPTE Exhibit Committee Chairman. 
Full information about the booths, facilities 
and arrangements was mailed early in 
July to all exhibitors at past conventions and 
all known prospects. All others having an 
interest in knowing more details about the 
Exhibit should write to John Olsson. 


Local Arrangements 


Under Convention Vice-President Byron 
Roudabush, a considerable host of workers 
do the local arranging and worrying, and 
put on the show: 


Local Arrangements Chairman — 
Edwin W. Templin 
Exhibits: John B. Olsson, 
assisted by Craig Curtis 
Hotel Arrangements: Robert G. Hufford 
Registration: Charles W. Handley 
Auditors: Arthur Johnson and H. J. Herles 
Ladies’ Committee Co-hostesses: 
Mrs. John G. Frayne and 
Mrs. Norwood L. Simmons 
Hospitality : Cameron G. Pierce 
Transportation: Grant Graham 
Entertainment: Sidney P. Solow 
Awards Session: S. Eric Howse 
Banquet: Alan Gundelfinger 
Luncheon: G. Carleton Hunt 


= 
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Studios put top quality on their films— 
Do audiences get this quality in your theatre ? 


Good projection requires the best modern lenses Westrex supplies the best in theatre equip- 


ment including 
e THE WESTREX 
e WESTREX Standard 
e WESTREX Economy 


and projectors, today’s high powered arc lamps and 
rectifiers, the latest wide screens and stereophonic 
sound* (and, of course, the most competent of 
projectionists ). 


*Three channel, four channel and six channel. 


Westrex Corporation 
Bightly Aven 


THEATRE 
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Projection: M. Bundy Smith 
Public Address and Recording: 
James L. Pettus and John Stork 
Publicity: Martin Waldman, Sue Grotta, 
Mrs. Alan Gundelfinger 
Membership: Harry Lehman 
Administrative Assistant: Herbert E. Farmer 


Engineering Committee Meetings 


Chairmen of the Society’s 14 Engineering 
Committees are being canvassed about their 
plans for Fall Convention Week. It is ex- 
pected that most of the committees will have 
their usual full agenda and that some ten or 
more committee and subcommittee meet- 
ings will be held during the week. 


The Ambassador Hotel 


The postal announcement for the 80th 
Convention will be mailed to the member- 
ship by August 15. It will contain hotel 
reservation cards for the Ambassador, the 
rates for which are: Single room with bath, 
$9.00, $11.00, $13.00, $15.00 and $17.00 per 
day ; double room with bath, $12.00, $14.00, 
$16.00, $18.00 and $20.00 per day; parlor, 
bedroom and bath occupied by one person 
$25.00, $27.00, $31.00 and $33.00 per day; 
parlor, bedroom and bath occupied by two 
persons, $28.00, $30.00, $34.00 and $36.00 
per day. Garden Studios are available with 
full hotel service and easily accessible to the 
main building. Rates are: room with bath 
occupied by one person, $15.00, $17.00, 


Elements of Color in Professional Motion Pictures 


$19.00 and $21.00 per day ; occupied by two 
persons, $18.00, $20.00, $22.00 and $24.00 
per day. Room with private sun deck or 
terrace, occupied by one person, $19 and 
$23.00 per day; occupied by two persons, 
$22.00 and $26.00 per day; large living 
room, bedroom and bath, occupied by one 
person $35.00 per day; with large private 
sun deck, $45.00; large living room, 
bedroom and bath occupied by two persons 
$38.00 per day, with large private sun deck, 
$48.00. 

The announcement will also contain a 
pre-registration card to permit advance 
registration, with discount, in accordance 
with the practice for recent conventions.— 
R.H. 


A book of 80 pp. or more, including 28 pp. in process color, is in preparation by the Society. It is the product of a Subcommittee of 
the Color Committee. Wilton R. Holm, Chairman of the Subcommittee, has organized the text in eleven chapters: 


Color Fundamentals 

Planning a Motion Picture in Color 
Color Photography Outdoors 

Color Processing and Printing 


Characteristics of Colors 


Color Photography in the Studio 
Motion Pictures and Television 


Color Films and Processes 
Photographing a Motion Picture in Color 


Special Effects 
Visual Effects 


With a budget approved at the August 3 meeting of the Board of Governors it is planned to expedite production of Elements of Color 
in Professional Motion Pictures for release early in December.—Ed. 


Cumulative Index for 1951-1955 Journals 


At the August 3 meeting of the Board of Governors it was decided to publish a five-year index to succeed the previous cumulative 


indexes, the last of which was for 1946-1950. 


The new index will supplant the volume indexes, of which there were two each in the years 1951-1954, then one in December 1955 
for the first year in which the Journal was in a single volume. 

Suggestions for arrangement of the large index and advice about errors or omissions in past indexes are requested. It is planned to 
release the five-year index with the November Journal. An index for the 1956 volume will accompany the December issue.—Ed. 


ERRATA — A Directory for Members, April 1956, Part II 


Errors brought to the Editor’s attention during two months after publication are: 


Officers and Managers of Sections 


PACIFIC COAST: 
Hunt, Cameron G. Pierce 


Sustaining Members 

For: Titra Film Laboratories, Inc., 1600 
Broadway, 
Read: 
N.Y. 


, 1501 Broadway, New York 36, 


Fellows of the Society 

Inexplicably omitted from this list were: 
Gordon, George H. 

Hill, Armin J. 

Iwerks, Ub 

Miller, Everett 


Schmidt, Edward 
Teare, Ralph A. 
Wetzel, W. W. 


Consolidated List of Members 

For: Davis, Jack R., Sound Mixer, Signal 
Corps Photographic Center, ... 

Read: , Production Mgr., Transfilm, 

For: Hastings, L. Lyon, 

Read: Lyon, L. Hastings, 

For: Hoad, Malcolm C., etc. 


Managers are — Lester H. Bowman, Merle H. Chamberlin, Karl Freund, Robert G. Hufford, G. Carleton 


Read: Broadway Theatre, Wool- 
loongabba, Queensland, Australia. (A) 
For: Martin, Leslie, 

Read: Martin, Les, 

For: Pike, Kelvin S., Radio Technician, 
Shell Film Unit. 

Read: ———, Asst. Cameraman, Elstree 
Studios, Associated British Picture Corp. 
For: Townsend, James Harvey, Jr., Vice- 
Pres. and Chief Eng., Unifilms, Inc. 

Read: , Exec. Producer and Sound 
Supvr., Dynamic Films, Inc. 
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engineering 


activities 


This report presents a résumé of the major 
aspects of the engineering committee meet- 
ings held during the Society’s 79th Conven- 
tion in New York City, April 29-May 4, 


and steps were taken to initiate the with- 
drawal of these two outdated standards. 

Probably of greatest interest was the 
discussion on the question of reducing the 
temperature of the film at the projector 
aperture. The existing subcommittee on 
temperature control was reorganized with 
H. E. Behrens as chairman and with its 
scope expanded to cover all aspects of the 
question. 


Laboratory Practice 

Revision of the laboratory nomenclature 
standard, Z22.56-1947, has been under 
committee consideration for several years. 
At this meeting, a brief report was pre- 
sented which indicated that distinct prog- 


ress has been made in efforts to improve 
this standard and bring it up to date. 

Most of the committee’s time was spent 
in reviewing Proposed American Standard 
PH22.89, Printer Light Change Cueing of 
16mm Negatives, and the comments re- 
sulting from the letter ballot on the second 
draft of this proposal. The details of the 
third draft were spelled out, specification by 
specification, in an effort to work out an 
acceptable industry-wide standard and a 
new draft was approved for letter ballot of 
the entire committee. 


Screen Brightness 
The Motion Picture Research Council 
submitted a proposal specifying the bright- 


1956. 


Film Dimensions 
Three proposed standards had been 

under consideration and ballot by this 

committee prior to the meeting: 

Dimensions for 32mm on 35mm Negative 
Motion-Picture Film (Revision of 
PH22.73-1951) 

Dimensions for 16mm Short-Pitch Film 
With Perforations Along Two Edges 
Dimensions for 16mm Short-Pitch Film 
With Perforations Along One Edge 


Much time was spent reviewing questions 
raised in the course of the balloting. In the 
end, these questions were resolved and the 
three proposals were approved for further 
processing as American Standards. 

Action was taken to bring Z22.31-1946 
up to date. This standard specifies that all 
8mm, 16mm, 32mm film shall be safety film 
and comply with Z38.3.1-1943, American 
Standard Definition of Safety Photographic 
Film. The proposed revision adds 35mm 
film to the previous list and substitutes 
PH1.25-1956, Definition of Safety Photo- 
graphic Film, for Z38.3.1-1943. 

The last few years have witnessed the in- 
troduction of new motion-picture film dif- 
fering from existing film in perforation and 
pitch. In developing standards for these 
films a vexing problem has arisen with re- 
spect to the titles. This problem was com- 
pounded by the inadequacy of many of the 
titles of existing film standards where film 
titled as positive or negative was not re- 
stricted to either one or the other use. At 
the previous meeting, Mr. Brandsma had 
been assigned the task of preparing a con- 
sistent set of titles for all film dimension 
standards. He presented such a set of titles | 
at this meeting and this was approved, with 
minor modifications, for ballot of the entire 
committee. 


Film Projection Practice 

The three proposed aperture standards | 
for anamorphic prints were reviewed. It | 
was noted that production of Supersccpe 
prints for the square aperture have been 
discontinued. The committee therefore 
voted to discontinue the processing of the 
related standard, PH22.105, Projector 
Aperture for 35mm Superscope Prints 
With Photographic Sound. 

Consideration was given to the possibility 
of revising the two standards on screens and 
mounting frames: Z22.29-1948, Theater 
Projection Screens; and Z22.78-1950, 
Mounting Frames for Theater Projection 
Screens. However, this was considered | 
neither feasible nor desirable at this time | 


EVERYTHING 


FOR MOTION PICTURE PRODUCTION FROM ONE DEPENDABLE RESOURCE 


PRESTOSEAL electric butt-weld 


splicer. Noscraping, no brushes, 
no cement. Perfect alignment, 


permanent splices in seconds. 
For 16mm or 35mm $547.80. 


Combination 16mm and 35mm 
$812.80. 


MACO VIEWFINDER Profes- 
sional type side view finder, 
with large, bright, erect image, 
For Cine Special, Filmo, Bolex, 
and Cine-Voice cameras $139.50 


AT YOUR SERVICE 


A new modern fully equipped machine 
shop has been installed on the premises 
for Camera Maintenance and Repairs. 


Our experienced technicians will 
build and design experimental 
equipment... make aperture masks 
for film strip cameras to your speci- 
fications...and mount Baltar Lenses. 


REGEL LIGHTS—Now available 
in kit form. Two Model 600 
heads, stands, converters WITH 
cases $255.00. Two Model 
400 heads, stands, converters 
WITH cases $200.00 


CAMART CAR 
TOP CLAMPS 


Insure a_ steady 
support for your 
newsreel camera 
when atop a sta- 
tion wagon or car 
platform. Heavy 
bronze construc- 
tion. Weather- 
proof. Set of three 
$28.00 


te CHMERA MART ia. 


1845 BROADWAY (at 60th St.) NEW YORK 23 
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ness of directional screens which merited 
appreciable discussion and which is to be 
submitted to the entire committee for more 
detailed study. 

Several months prior to the meeting, the 
committee had been canvassed as to their 
views on the Draft ISO Proposal, Screen 
Luminance of White Matte Screens, and 
whether American Standard PH22.39, 
Screen Brightness for 35mm Motion Pic- 
tures, should be revised to be in accord with 
the ISO proposal. The replies, for the most 
part affirmative, were analyzed at the 
meeting and a decision was taken to proceed 
with a revision of PH22.39-1953 to bring it 
in line with the international proposal. 

The chairman initiated a discussion on 
the philosophy of screen brightness stand- 
ardization to develop a needed long-range 
program of work. The aim was to outline 
the areas requiring industry-wide standard- 
ization and to determine whether standards 
should be set for the review room, for the 
theater or possibly separate standards for 
each. A task force is to be appointed to pro- 
pose as many drafts as can be established 
now and to outline which specific problems 
must be solved by further engineering work 
and research. 


16 & 8mm 
This meeting opened with a review of the 
status of the active projects: 
PH22.7, 16mm Motion-Picture Camera 
Image 
PH22.19, 8mm Motion-Picture Camera 
Image 
Comments on the last draft of these two 


standards had indicated the need for 
new drafts. These were submitted by 
the chairman, reviewed and approved 
with modifications for letter ballot of 
the entire committee. 


PH22.8, Projected Image Area of 16mm 
Motion-Picture Film 

PH22.&, Projected Image Area of 8mm 
Motion-Picture Film 

PH22.107, Film Spools for 8mm Motion- 

Picture Cameras 

These three standards were published 
in the Journal for trial and comment, 
the first two in May 1956 and the third 
in January 1956. A question was raised 
respecting the values of A; and B, of 
PH22.107, whether they should be 
384° instead of 393° as published. 
This question is now under study and 
should be resolved shortly. 

PH22.79-1950, 16mm Sound Projector 

Test Film 

The reaffirmation of this standard is 
now being considered by ASA Sec- 
tional Committee PH22. 

The two 16mm snake-track test film 
standards, Z22.80-1950 and Z22.81-1950, 
had been assigned about a year ago to a 
subcommittee for study and preparation of 
new drafts. In view of the reorganization of 
the Sound Committee (reported below) it 
was decided to shift this project to the Sound 
Committee. 

Two standards and a Recommended 
Practice came up for review in accord with 
the periodic five-year review procedure: 

PH22.74-1951, Zero Point for Focusing 


CEMENT 


SCRAPING 


with the 


MIRACLE 


Indispensable time and money 
saver, splices all kinds of safety 
and magnetic film including: 


CRONAR 
(POLYESTER BASE) 


Now with new, interchangeable 


“PLUG-IN HEATER BLOCK” 


eNO CEMENT 
“eNO LOST PICTURE 
eNO SCRAPING 
oe NO DOUBLE THICKNESS 
Spliced in seconds! 
A film-fusion (butt-weld) 
end-to-end. 


No drying; No overlap. 
No light required. 


PRESTO-SPLICER 


PRESTOSEAL 


3727 33rd st.. long Island City 1.N.Y 


The finest 16, 35 and 70mm 
film splicer the world over! 


“Deluxe Miracle’ Model 


Scales on 16mm and 8mm Motion- 
Picture Cameras 

PH22.76-1951, Mounting Threads and 
Flange Focal Distances for Lenses on 
16mm and 8mm Motion-Picture Cam- 
eras 

Recommendations for 16mm and 8mm 

Sprocket Design 

It was decided to reaffirm the first, re- 
vise the second in form and content 
and to revise the last in form only. 


Work had been initiated in 1948 on a 
standard for 16mm camera spools but this 
had been tabled due to the press of more 
urgent standards activity. This project was 
now placed in an active status and the basis 
for a new draft was outlined. 

Preparation of a 16mm projection prac- 
tice booklet for the layman has been a long 
standing committee objective. The difficul- 
ties in advancing this project were reviewed 
and new plans were made to produce 
this valuable booklet. 

In addition, the committee reviewed 
questions on special 16mm reels, 16mm 
screen brightness, a 16mm CinemaScope 
test film and international standards activi- 
ties. 


Sound 


Announcement was made of a new or- 
ganizational structure for all Society sound 
activities. Heretofore, the responsibility for 
different sound projects had been divided 
among several committees: 16 & 8mm 
photographic sound — 16 & 8mm Com- 
mittee, 16mm and 8mm magnetic sound — 
Magnetic Recording Subcommittee, 35mm 
photographic sound — Sound Committee, 
35 mm magnetic sound — either the Sound 
Committee or the Magnetic Subcommitee. 
Review of this chaotic condition by the 
Engineering Vice-President and chairmen 
of the Sound, Magnetic Recording and 16 
& 8mm Committees led to the decision to 
dissolve the Magnetic Recording Subcom- 
mittee and to make the Sound Committee 
responsible for all sound activity regardless 
of associated film width or nature of record- 
ing and reproducing media. The committee 
has been enlarged so that it will have the 
forces to handle its expanded program. 

PH22.51, Intermodulation Tests, 16mm 
Variable-Density Photographic Sound, was 
published in the January 1956 Journal for 
trial and comment. The committee re- 
viewed a criticism that had been received 
and deemed it of sufficient validity to war- 
rant referring this standard back to the 
Sound Committee for resolution of the 
questions raised. 

A new proposal for four magnetic sound 
records on fully-coated 35mm film, akin to 
an international proposal in _ process, 
was reviewed and approved for letter ballot 
of the entire committee. 

A proposed standard for four magnetic 
sound records on anamorphic prints has 
been under consideration for over a year. 
The only question holding up further proc- 
essing of this standard was the width of the 
#4 track, 41 mils vs. the initial proposal of 
29 mils. At this point, it was decided to go 
ahead with the 41 mils and to circulate a 
new draft for letter ballot of the entire 
committee. 

Lastly, questions relating to international 
standardization were reviewed. The U.S. 
delegate on Working Group G of ISO/TC 
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DEALERS 
NEW YORK—Camera Equipment Co., 1600 Broadway, SAN FRANCISCO — Brooks Camera Co., 45 Kearney St., 
New York 19. JUdson 6-1420. Cable Address CINEQUIP. San Francisco, Calif. EXbrook 2-7348. 


CHICAGO —Zenith Cinema Service, inc., 3252 Foster CANADA—Alex L. Clark, Ltd., 3745 Bloor St., Toronto 
Ave., Chicago 25, Ill. IRving 8-2104. 18, Ontario. BEimont 1-3303. 
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36 presented his reasons for wishing to cast 
a negative vote on a proposal for 35 mm 
prints with one optical and two magnetic 
sound tracks. His position was supported 
fully by the committee. 


Magnetic Recording 


The major question facing the subcom- 
mittee was the picture-sound separation in 
16mm magnetic sound projectors. At an 
open forum prior to this meeting RCA had 
announced their acceptance of the 28-frame 
separation proposal. This position was re- 
affirmed at the meeting and it was unani- 
mously voted to submit this proposal to the 
Sound Committee for further processing as 
an American Standard. 

American Standard PH22.87-1953, 100- 


Mil Magnetic Coating on 16mm Film, Per- 
forated One Edge, was reviewed and it 
was decided to further revise this standard 
by adding a balance stripe to the diagram 
with a notation that use of a balance stripe 
is optional. 

Note was taken of the development and 
production of a magnetic signal level test 
film. The discussion centered on the estab- 
lishment of a shorthand term for simplifying 
reference to the level of the recorded signal. 

There was a very lengthy discussion con- 
cerning the value of a standard magnetic 
sound reproduce characteristic. This was 
questioned on the ground that this charac- 
teristic refers to an idealized magnetic head 
and thus omits the major variable, the 
differences resulting from the reproduce 


THIS 

is 

JUST 

THE 
BEGINNING 
OF 

16 MMI! 


Talk was that other film sizes than 16mm could 
do better jobs in the industrial, educational 
and commercial fields. 


Not while there is a film laboratory like 
Precision, bringing 16mm to the peak of 


perfection. In fact, we are demonstrating daily 


that 16mm can do more — and better — things 
in movies than have been done before. 


Precision Film Laboratories developed 
unique equipment to realize the fullest 


potentialities in 16mm, such as the optical track 


printer; timing, fades, dissolves, scene-to-scene 


color corrections, invisible splices without notching 
originals; direct electric printing and many others. 


No, 16mm is just beginning. Depend on it for 
your next film project and, of course, depend on 
Precision to do exactly the right job in 

bringing life and sparkle to the best of your 
production efforts. 


you'll see ez and hear 


tABODORATORIES, tne, 


221i West 46th Street, New York 36, New York 
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is one best... in film processing, it's Precision 


A DIVISION OF J A MAURER, INC 
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head itself. In the end, it was concluded 
that a standard reproduce characteristic 
would have significance only if used in con- 
junction with a standard multifrequency 
test film. It was felt that inasmuch as the 
Society has such a test film as well as a 
magnetic level test film, it is now possible 
to produce magnetic sound records which 
are completely interchangeable in differing 
equipments. 

A 16mm magnetic flutter test film and a 
proposed standard for this test film had been 
under consideration for some time but had 
been held in abeyance because of questions 
concerning the effect of shrinkage and film 
compliance. At this point, the committee 
recommended that the Society proceed 
with the production of a sample test film 
which it was felt would provide the most 
effective tool for determining the signifi- 
cance of these factors. 

The chairman reported the reorganiza- 
tion of the Sound Committee as noted 
above, that the subcommittee was being 
dissolved and that therefore this was its last 
meeting. The many accomplishments were 
reviewed and appreciation was expressed 
for the fine cooperative spirit of all the mem- 
bers manifested through the life of the sub- 
committee. In turn, the members ap- 
plauded the leadership supplied by their 
chairman, E. W. D’Arcy. 


Television 


At the previous meeting work had been 
initiated on a standard for 16mm television 
projectors for use with the vidicon tube. 
Progress on this work was reviewed and 
plans were made for furthering this ac- 
tivity. 

The problem of centering slides in a pro- 
jector was analyzed. At this time there is no 
standard specifying a reference edge for in- 
dexing slides. A task force was appointed to 
study this question and to draft a recom- 
mended practice. 

Comments invited on the Society’s color 
television test film and slides were, in the 
main, very favorable. The sole problem has 
been adequate control of the gray scale and 
correction of this is now under way. 

Methods of insuring proper color balance 
for different film sources of broadcast ma- 
terial were considered, including the possi- 
bility of utilizing in the leader a character- 
istic scene from the feature show or spot 
announcement. The consensus was that 
there is insufficient experience at this point 
to develop any specific proposal and a task 
force was appointed to study this question. 

Note was taken of the developments in 
magnetic video recording. The early estab- 
lishment of a coordinating center was con- 
sidered advisable and it was felt that this 
committee would be admirably suited for 
this role. This question has to be decided at 
a higher level and in consultation with the 

other organizations in the ficld.—Henry 
Kogel, Staff Engineer. 


Membership Certificates (Active and Asso- 
ciate members only). Attractive hand- 
engrossed certificates, suitable for framing for 
display in offices or homes, may be obtained 
by writing to Society headquarters, at 55 
West 42d St., New York 36, Price: $2.50. 
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SYNCHRONIZER HEAVEN 


Fastens to roller arm of synchronizer. 

Sync dailies quickly without using editing machine. 
Ideal for checking sound track for words or effects to be 
replaced. 

Fastest and most accurate in locating beginning and end- 
ing of words. 

Tape head can be slid up and back to read a track in 
any position of fullcoat or magnastripe. 


Seiling Price: 

HFC Magnetic Tape Reader Synchronizer 

HFC Magnetic Tape Reader Amplifier... ... ..... 

Complete Unit 


35mm 5-Way Synchronizer $225.00 


16mm Special Measuring Machine 
Counts in 16 & 35mm Footage. $160.00 


35mm 2-Way Vistavision Synchronizer with 35mm 4-Way Synchronizer $190.00 
Footage & Frame Counter $160.00 


AT BETTER DEALERS EVERYWHERE 
HOLLYWOOD FILM COMPANY 
precision film editing equipment 


956 SEWARD STREET HOLLYWOOD 38, CALIFORNIA 
HOllywood 2-3284 65-35mm Combination Synchronizer $380.00 
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Visit 
Annual Instrument-Automation Exhibit, New York 
Coliseum, Sept. 17-21 


our Booth 1003, IIth 


display at 


SPECTRA 
Brightness Spot Meter 


®@ Reads directly in footlamberts 


@ Measures uniformity of illum- 
ination and discoloration of 
projection screens for any dis- 
tance or angle 


@ Shows footcandle output of 
individual light units without 
interference from other sources 


@ Checks color temperature of 
light sources to maintain uni- 
form color quality 


@ Checks brightness of selected 
areas on set to determine 
brightness range 


®@ Maintains standard brightness 
and COLOR TEMPERATURE of 
printer lights 


PHOTO RESEARCH CORP. 


KARL FREUND, President 
837 North Cahuenga Blvd. 
Hollywood 38, Calif. 


section reports 


The Central Section met on June 18 at the 
Western Society of Engineers, Chicago, 
with an attendance of 55. A paper, “‘Auto- 
matic Timing of Color Negatives,’ by John 
A. Stott, William R. Weller and J. Edward 
Jackson of the Color Technology Div., 
Eastman Kodak Co., was read by Mr. 
Weller. The paper outlines a scientific 
approach to color timing. The authors 
have developed a concept which may 
shorten or entirely eliminate some of the 
preliminary tests that must be made. The 
authors measure integrated transmission 
to red, green and blue light of representa- 
tive color negative scenes. The readings 
are then statistically correlated to the 
printer setting which produced acceptable 
picture quality for each of the representa- 
tive scenes. To test the method, the authors 
arranged to print several films at one of the 
film laboratories. These films were pro- 
jected for review and discussion.—H. H. 
Brauer, Secretary-Treasurer, c/o Bell & 
Howell Co., 7100 McCormick Rd., Chicago 
45. 


The Pacific Coast Section met on June 19 
in the Walt Disney Studio, Burbank, Calif. 
Approximately 175 persons attended. Three 
papers on television lighting that had been 
presented at the SMPTE Convention in 
New York were read. Franklin J. Gaskins, 
Technical Supervisor for NBC read Gerald 
F. Rester’s report on the survey conducted 
to determine current lighting practices of 
TV stations engaged in live color-program 
origination. William H. Copeland, En- 
gineer in charge of color TV for CBS pre- 
sented a paper prepared by E. Carlton 
Winckler covering the technique developed 
in lighting network programs. He discussed 
the use of interesting combinations of all 
types of lighting equipment as well as a 
wide range of wattages to obtain the bal- 
ance and intensities necessary for the color 
cameras while operating within the dra- 
matic structure. Techniques and methods 
were described in detail. John R. Kennedy, 
liaison engineer, Pacific Division, NBC, 
read a paper by Robert W. Byloff which 
traced the evolution of the present lighting 
systems for color TV studios to those first 
used in monochrome television. A typical 
system was studied along with quantita- 
tive design considerations. A number of 
interesting slides of NBC lighting facilities 
were shown.—John W. DuVall, Secretary- 
Treasurer, c/o E. I. du Pont de Nemours & 
Co., 7051 Santa Monica Blvd., Hollywood 
38. 


The Northwest Section met on June 26 at 
the Palmer Films Studios, San Francisco. 
Approximately 27 members and guests 
attended. Robert W. Hufford, Eastman 
Kodak Co., Hollywood, read a paper on 
“Color Kinescope Recording on Embossed 
Film,” by C. H. Evans and R. B. Smith, 
Eastman Kodak Co., Research Labora- 
tories, Rochester 4, N.Y. The new film was 
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demonstrated by operating two projectors 
in synchronism. Prints from the new em- 
bossed film and the older type of Eastman 
color film were shown simultaneously, side 
by side, to demonstrate the improvement 
in prints made from the new film,especially 
in flesh tones.—R. A. Isberg, Secretary- 


Treasurer, Consulting Engineer, 2001 


Barbara Drive, Palo Alto, Calif. 


Education, Industry News 


The Second International Industrial and 
Labor Film Festival will be held during 
December 1956 in Brussels, Belgium. The 
purpose of the meeting is to stimulate 
interest in films used in industrial research, 
vocational training, and analysis of labor 
problems. Films used in the discussions 
may be made in any country but will not 
be accepted if made before December 1952. 
More detailed information can be obtained 
from La Cinémathéque de Belgique 23, 
rue Ravenstein, Brussels, Belgium. 


Closed circuit television as an integral part 
of a county-wide teaching program will be 
introduced in Washington County, Md., 
when school opens in September. More 
than 6000 pupils in two high schools and 
six elementary schools will receive an im- 
portant part of their daily instruction by 
television and by September 1958 the teach- 
ing-by-television program is expected to 
reach about 20,000 pupils in the 47 schools 
in the county. 

Equipment for the school installations, 
will be contributed by electronics manu- 
facturers through the Radio Electronics 
Television Manufacturers Association 
(RETMA). Funds to provide for the train- 
ing of personnel to administer the program 
will be granted by the Ford Foundation. 

Announcement of the plan, described as 
a research project, came after months of 
discussion by leaders in education, and 
representatives of RETMA and the Ford 
Foundation. One of the goals aimed at by 
sponsors of the project is to find a solution 
for the serious problems brought about by 
the growing shortage of teachers; the lack, 
in many areas, of adequate facilities; and 
the growing increase in enrollments. 

If this tryout is successful it may revolu- 
tionize educational techniques throughout 
the nation affecting not only classroom 
instruction and the training of teachers but 
the architecture of future school buildings. 


Arthur J. Hatch has been elected President 
of the Strong Electric Corp., Toledo, Ohio. 
He joined the engineering staff of the com- 
pany in 1935 and was elected Vice-Presi- 
dent in 1947. Strong Electric Corp. is a 
subsidiary of General Precision Equipment 
Corp. 


William G. Straube, Sales Manager for the 
Pacific Optical Corp., has been appointed 
Vice-President and General Sales Manager 
of the newly organized IMP Engineering 
Corp., 1591 Crossroads of the World, 
Hollywood. IMP is engaged in work for 
the U.S. Department of Defense in the 
field of photographic testing and missile 
systems. 


| 
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EDUCATION | TVCONMEROAS RELIGIOUS | AMATE 


NOW! These six laboratories offer fast magnetic 
Magna-Striping’ for all 16mm films! 


Byron Labs 
1226 Wisconsin Ave., Washington, D.C. 


Colburn Labs Fran Cc h i S068 


164 N. Wacker Drive, Chicago 6, Illinois 
Consolidated Film Industries, Inc. 


959 Seward Street, Hollywood 38, California | 
a . BEEBE aa 


Animex available 
Nieuwe Gracht 7, Haarlem, Holland j j 


Sathaporn Cinema Co. 
2196 Tung Mahamek, Bangkok, Thailand FOR EVERY SOUND REASON 


Reeves Soundcraft REEVES $0 U N DCRAFT CORP. 


671 Hope St., Springdale, Conn. 
oe e 10 East 52nd Street, New York 22, N. Y. 
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Biographical Note 


Professor John Eggert, Head of the 
Photographic Department of the Federal 
Institute of Technology in Ziirich, Switzer- 
land, celebrated his 65th birthday on 
August 1, 1956. He is one of the outstanding 
figures in scientific photography in Europe 
and his contribution towards leading 
photographic research away from empirical 
know-how to scientific knowledge is well 
known and recognized throughout the 
world. 

John Eggert, a student of Prof. W. 
Nernst, received his doctorate from the 


University of Berlin in 1914. In 1921 he was 
given the task of building a research de- 
partment for the Agfa Company. This be- 
came in 1928 the famous ‘“‘Wissenschaft- 
liches Zentrallaboratorium” (Central Sci- 
entific Laboratory ) of this Company which 
published, up to 1939, six volumes of funda- 
mental scientific papers. Simultaneously, he 
was a professor of physical chemistry, par- 
ticularly photochemistry and photography, 
at the University of Berlin. This assignment 
ended in 1937 for political reasons. His 
political integrity led to imprisonment for 
him and his family near the end of World 
War II. They were freed by the American 
army, and high ranking officers helped 
them to Munich in the Western Zone. In 
this city he was professor of physical chem- 
istry at the Institute of Technology from 
1945 to 1946. In this year he accepted the 
offer of his present position at the Federal 
Institute of Technology in Ziirich, Switzer- 
land. In this country, unaffected by the 
limitations of the postwar years and by the 
interests of private industries, he found a 
challenging opportunity to reorganize the 
Photographic Department of this school 
and to intensify its research activities. His 
success is illustrated by the fact that his 
former students hold important research 
positions in industries of at least three con- 
tinents. His strong belief in free exchange of 
fundamental scientific knowledge made 
him successfully cooperate with a group of 
other scientists in reviving the annual 
“International Photographic Congress” 
which had been discontinued during the 
war. . 


Dr. Eggert’s contributions to photo- 
graphic science are reflected in a number of 
awards. In 1950 he was awarded an honor- 
ary degree by the Institute of Technology in 
Karlsruhe, Germany, “in recognition of 
his work in physical chemistry and scientific 
photography.” In the same year he was 
awarded the Progress Medal of the Royal 
Photographic Society of Great Britain “‘in 
recognition of his classical work in latent 
image theory and in particular on the 
quantum efficiency, his work on the effect of 
x-rays on photographic emulsions and in 
evolving methods of standardization of 
photographic speed and graininess.” In 
1951 the “Société Franciase de Pho- 
tographie et Cinematographie” awarded 
Dr. Eggert its Péligot Medal “in recog- 
nition of his work in scientific photography 
for the past 30 years.” In 1953 he was 
elected an Honorary Fellow of the Royal 
Photographic Society of Great Britain.— 
R. R. Zemp and B. Meerkamper. 


New Members 


The following members have been added to the 
Society’s rolls since those last published. The 
designations of grades are the same as those used 
in the 1956 Directory. 


Active (M) Associate (A) Student (S) 
This is the fourth list of New Members supplementing 
the April Journal, Part II, Directory. 


Bence, Charles W., Film Techn., Technicolor 
Motion-Picture Corp. Mail: 1041 N. Avon St., 
Burbank, Calif. (A) 


DEPUE 


printer 


There must be. ... something Basic 


something Solid 
behind a product that has been able to main- 


tain leadership in the industry for well over 


Is it Dependability, Performance, Precision, 
Efficiency, Design or Service? 


Well, we think it is all of these things 
combined that makes for a good 
product and leadership and you will find 


the DePue Optical Reduction Printer 


optical 
reduction 


Write for complete information 


OSCAR F. CARLSON COMPANY 
2600 Irving Park Road, Chicago 18, Illinois 


a quarter of a century. 


all of these qualities in 
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Bogart, John A., Eng., Unicorn Eng. Corp. 
Mail: 1775 N. Las Palmas, Apt. 217, Holly- 
wood. (A) 

Boyer, Carl A., Film Techn., Technicolor 
Motion-Picture Corp. Mail: 18227 Van Owen, 
Reseda, Calif. (A) 

Brown, Charles M., Production Manager, 
Stephens Mfg. Corp. Mail: 1655 Highland 
Ave., Glendale 2, Calif. (M) 

Bue, Paul Andrew, Boston Univ. Mail: 105 
Walker St., Lowell, Mass. (S) 

Cerchione, Angelo John, Cambridge Sch. 
Radio & TV. Mail: 92 Longview Ave., Lake 
Hiawatha, N.J. (S) 

Coggins, Donald I., Tech. Sales, Sylvania Elec- 
tric Co. Mail: 14 Philips Rd., Melrose, Mass. 
(M) 

Corso, John Jr., Mot.-Pic. Techn., W. A. 
Palmer Films, Inc., 611 Howard St., San 
Francisco. (A) 

Curtis, Nicholas, Designer, Trans-Lux Corp., 
627 Madison Ave., New York. (M) 

DeCastro, Joseph, Business Mgr., Hillcrest 
Color Labs., Inc., 21 Spencer St., Cubao, 
Q.C., Philippines. (A) 

De Santos, Demetrio, Chief Sound Recording 
Engr., Premiere Productions, Inc. Mail: 
16 Aleman, Sta. Mesa Heights, Quezon City, 
Philippines. (A) 

Dollard, Henry Louis Jr., Chemist, Technicolor 
Motion-Picture Corp. Mail: 16519 Simonds 
St., Granada Hills, Calif. (A) 

Dowling, David Fraser, Boston Univ. Mail: 
15 Rockland St., Wellesley Hills, Mass. (S) 
Filice, Peter Carmen, Television Tech., KRON- 
TV. Mail: 3307 Sweet Dr., Lafayette, Calif. 

(A) 

Fiore, Ernest A., Film Techn., Technicolor 
Motion-Picture Corp. Mail: 6005 Simpson 
Ave., N. Hollywood. (A) 

Freude, Robert H., Shift Boss, Color Developer, 
Technicolor Motion-Picture Corp. Méail: 
12737 Tiara St., N. Hollywood. (A) 

Gregory, John James, Film Techn., Techni- 
color Motion-Picture Corp. Mail: 136 S. 
Astell Ave., W. Covina, Calif. (A) 

Hamilton, Edward G., Elec. Eng., American 
Broadcasting Co., 7 W. 66 St., New York. (A) 

Hodges, Richard Hammond, Sales Eng., 
Sylvania Electric Products, Inc., 60 Boston St., 
Salem, Mass. (M) 

Houts, Robert W., Sound Techn., USAF, 
Lookout Mt. Lab. Mail: 9044 Hollywood Hills 
Rd., Hollywood 46. (A) 

Joelson, Sidney Albert, Chemist, Technicolor 
Motion-Picture Corp. Mail: 1079 N. Stimson 
Ave., Puente, Calif. (A) 

Kaye, Arthur Mark, Mot.-Pic. Photo., North 
American Aviation. Mail: 2806 W. 42 St. 
Los Angeles 8. (A) 

Kiesel, Fred W., TV Techn., CBS Television. 
Mail: 72 Fern St., Floral Park, N.Y. (A) 

Kingsley, Norman W., Advertising, J. Walter 
Thompson Co., Am Rossmarkt 10, Frankfurt 
a/M, Germany. (A) 

Knight, William Francis, Production Asst., 
Ben Gradus. Mail: 55 Ellwood St., New York 
40. (A) 

Koushouris, John Louis, Eng. Color Tech., 
Columbia Broadcasting System. Mail: 4 
Sherwood PI., Great Kills, S.1. 8, N.Y. (A) 

Lamm, Arno, Photo., Smith Photographic 
Store, 219 Massachusetts Ave., Boston. (M) 

Lehners. John Whytock, Atty. and Bus. Repr., 
Mot.-Pic. Film Editors, Local 776, 1462 N. 
Stanley Ave., Hollywood 46. (M) 

Leininger, Robert F., Chemist, Bennetts Photo 
Service, 2135 Danville Hwy., Walnut Creek, 
Calif. (A) 

Lewin, Howard, Photo. Chemist, Urell, Inc., 
2630 Humboldt St., Los Angeles 31. (A) 

Lewis, Verlin Charles, Exec. Secy., Theatre 
Equipment & Supply Ass’n., 1475 Broadway, 
New York 36. (A) 

Lyon, Ray Smith, TV Special Effects, National 
Broadcasting Co., 118 Florence Ave., Denville, 
N.J. (M) 

Maeder, Pierre J., Independent Producer of 

Scientific Films, Blauensteinerstrasse 10, Basel, 

Switzerland. (A) 


@ NEGATIVE DEVELOPING 
FIRST PRINT DEPARTMENT 


‘WHO CAN 


CES 


ULTRA VIOLET AND 


16MM AND 35MM 
RELEASE PRINTING 


KODACHROME PRINTING 


63 EDITING ROOMS 
SPECIAL TV SERVICES 


MOVIELAB FILM LABORATORIES, INC. 


619 West 54th Street, New York 19, N. Y. JUdson 6-0360 
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Maggi, Louis, Boston Univ. Mail: 110 Lonsdale 
St., Dorchester 24, Mass. (S) 

Mallinson, Donald Foster, Boston Univ. Mail: 
98 Willow St., Wilmington, Mass. (S) 

Martenson, Richard B., Sales Megr., Sylvania 
Electric Co., 169 Lindenwood Rd., Great 
Kills, S.1., N.Y. (M) 

Martinez, Salvador V., Draftsman, Unicorn 
Engineering Corp. Mail: 428 W. Garfield Ave., 
Glendale 4, Calif. (A) 

McGaughey, Robert P., TV Eng., ABC Mail: 
5110 Harold Way, Los Angeles. (A) 

McKay, William Joseph, Vice-Pres., Lytle 
Engineering & Mfg. Co. Mail: 901 Adams, 
N.E., Albuquerque, N.M. (M) 

Miller, Alan, Rochester Inst. Technology. Mail: 
148 Troup St., Rochester, N.Y. (S) 

Noack, Harry §., Film Editor, Bulova Watch 
Co., 62-10 Woodside Ave., Woodside, N.Y. 
(A) 

Power, Raymond V., Mech. Eng., Unicorn 
Engineering Corp. Mail: 7674 Shadyglade 
Ave., N. Hollywood. (A) 

Quigley, George P., Lab. Supvr., Cuban Color- 
film Corp., Calle 26, 504, Santiago de Las 
Vegas, Cuba. (A) 

Rath, Earl E. J. Jr., Cinemat., USAF Mail: 
3150 W. 75 St., Los Angeles. (A) 

Robitaille, Glenn Alfred, Director Eng., London 
Free Press Printing Co., 442 Richmond St., 
London, Ont., Can. (M) 

Rufino, Ernesto D., General Mgr., Luzon 
Theatres, Inc., Avenue Theatre Bldg., Manila, 
Philippines. (A) 

Sage, Richard Blair, Mot.-Pic. Studio Mer., 
Filmways, Inc. Mail: 243 Riverside Dr., New 
York. (A) 

Sante, Achilli, Cameraman, Cinecitta. Mail: 
Piazza dei Consoli 11 Scala D. Int. 12, Roma, 
Italia. (A) 

Simons, Fred M., Eng., CBS. Mail: 33 Perry 
Street, New York 14, (A) 

Simons, Robert Glen, Boston Univ. Mail: 30 
Wolcott St., Dorchester 21, Mass. (S) 


Smith, Elgin E., Photo., Skelly Oil Co., 7227 
Springfield, Kansas City 13, Mo. (A) 

Snyder, Malcolm M., Boston Univ. Mail: 15 
Russell St., Brookline, Mass. (S) 

Spiller, Francis Edwin, Film Producer, National 
Film Board of Canada. Mail: 925 Tasse St., 
Apt. 2, St. Laurent, Montreal 9, Can. (A) 

Stenbeck, Edna M., Film Editor, Librarian, 
Ramo-Wooldridge Corp. Mail: 959 30 St., 
Manhattan Beach, Calif. (A) 

Stenger, Charles Edmund, Owner of sound 
recording & mot.-pic. studio, Audio Services 
Co., 48 W. Biddle St., Baltimore 1. (M) 

Stodter, Charles Stowe, Exec. Secy., SMPTE. 
Mail: 705 Merion Ave., Havertown, Pa. (M) 

Tahara, George, Mot.-Pic. Producer, Inde- 
pendent, 1847 Fort St., Honolulu, T.H. (A) 

Taleporos, Apollo D., Broadcast Engr., Co- 
lumbia Broadcasting System. Mail: 68 Hill- 
crest Ave., Staten Island 8, N.Y. (A) 

Tamblyn, Maxwell, Mot.-Pic. Techn., USAF, 
1448 Tabor Ave., Dayton 10, Ohio. (M) 

Wallace, Andrew Burt, Engr., Unicorn Engi- 
neering Corp. Mail: 859 Wilcox Ave., Holly- 
wood 38. (A) 

Wheeler, Robert Raymond, Instructor of 
Motion Picture, U.S. Government. Mail: 
67 Alameda Court, Shrewsbury, N.J. (M) 

White, Merrill G., Head Film Editor, King 
Bros. Productions. Mail: 242 N. Western Ave., 
Apt. 603, Los Angeles. (M) 

Willette, Edward G., Sales Mgr., The Ani- 
mation Equipment Corp. Mail: Seminary 
Hill Rd., Carmel, N.Y. (M) 


CHANGES IN GRADE 


Acebes, Roberto, (S) to (A) 
Beeland, Charles D., Jr., (A) to (M) 
Kowalak, John J., (A) to (M) 
Lenz, Irvin W., (A) to (M) 

Miura, Kenneth K., (S) to (A) 
Plakun, Bernard D., (A) to (M) 
Smith, Donald C., (S) to (A) 


reviewed 


Annuario del Cinema Italiano 
1954-1955 


Published by Cinedizione, Via Po 50, 
Rome. Approx. 1020 pp. Price 5000 lire. 


The list of motion-picture terms in five 
languages which was published in the Feb- 
ruary 1956 Journal has been the subject of 
numerous comments and inquiries. Readers 
interested in this field should know that 
what appears to be an excellent example of 
such a listing, on a far more comprehensive 
scale than we have yet been able to accom- 
plish, may be found in the Annuario del 
Cinema Italiano 1954-1955. 

This handbook of the Italian motion- 
picture industry is a highly useful compen- 
dium of information, quite apart from the 
glossary, distinguished by a quite outstand- 
ing clarity of organization and a minimum 
of advertising. The various sections include 
addresses of organizations and individuals 
in the industry; legislation, with detailed 


SMPTE now has available 35mm and 16mm color television test 
films and slides designed for TV station use under specifications set 
up by the SMPTE Television Committee—representing the quality 
of color material obtainable from Ansco, Technicolor and Eastman 
prints. 


(The picture-only films have three sections of five scenes each. 


OGray scale at start of first scene can be used in set-up or for 
adjusting signal generating equipment so that the chrominance 
subcarrier vanishes with given set-up. 


(2 Same high quality picture material in both films and slides. 


FILMS 
yO SLIDES FOR 
TELEVISION 
STATIONS 


OSlides include one black-and-white chart of the alignment and 
resolution target used in standard television test films. 


DAIl scenes illuminated for shooting with a lighting ratio of approxi- 
mately 2:1; i.e. key light was twice fill light, measured in foot 
candles. 


35mm Color TV Test Film—approx. 700 ft. 
16mm Color TV Test Film—approx. 280 ft. 
Set of 10 2 X 2 in. Slides 


SOCIETY OF MOTION PICTURE 
AND TELEVISION ENGINEERS 


55 West 42nd Street, New York 36 Tel: LOngacre 5-0172 
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information on wages and prices; statistics 
on Italian film production since 1930; 
and an extremely comprehensive directory 
of companies, publications, theaters, ex- 
changes, trade unions and other organiza- 
tions of interest to the industry both in 
Italy and abroad. Even though the user 
may not be entirely at home with the Italian 
language the book is so well arranged that 
it is actually easier to use than some of the 
similar handbooks printed in English. 

The glossary of motion-picture terms, in 
Italian, English, French and German, is 
arranged alphabetically and covers more 
than 2000 words. There are occasional mis- 
prints and some translations with which 
every reader will be able to disagree, but 
by and large the level of accuracy seems to 
be extraordinarily high and for anyone who 
needs equivalents in any of the four lan- 
guages given this glossary will be of very 
great value indeed.—D.C. 


Photographic Optics 

11th revised ed. by Arthur Cox. Published 
(1956) Focal Press, 31 Fitzroy Sq., London, 
W1. 375 pp. Illus. Graphs. 43 X 7%. Price 
$5.75 


Although primarily for still photography, 
this book has material of value for cine and 
TV technicians. Of particular interest is 
the consolidated treatment of lenses of 
Asiatic, European and American origin. 
Recent large-aperture types up to //1.2 
are described in this new edition. Specific 
lenses are identified by their trade names 
for positive recognition, and lenses in the 
same design category are conveniently 
grouped. Optical schematics are given.— 
Bernard D. Plakun, General Precision Lab- 
oratory Inc., Pleasantville, N.Y. 


Actes du Colloque International: Les 
Techniques Nouvelles Appliquées au 
Cinema. 

Published by Commission Superiéure Tech- 
nique du Cinéma, 92 Champs-Elysées, 
Paris 8. 156 pp. 8} X 112 in. Illus. Price 
1500 francs. 


In this book are published the transac- 
tions of an international conference on 
new motion-picture techniques held in 
Paris, May 12-16, 1955. The conference 
was arranged by the Commission Supérie- 
ure Technique du Cinéma Frangais and 
motion-picture engineers from Belgium, 
Great Britain, Italy, New Zealand, East 
Germany, West Germany, Switzerland, 
the U.S.S.R. and Unesco took part in the 
discussions. 

The papers are grouped into five sec- 
tions. The first, on sound recording and re- 
production, has papers on the comparative 
qualities of photographic and magnetic 
sound, the problem of sound quality in 
relation to the various new stereophonic 
systems, stereophonic techniques in the mo- 
tion-picture theater, sound recording and 
reproducing problems, magnetic sound 
recording on film and its use in radio and 
television. 

The second section covers wide-screen 
projection, new lighting techniques, taking 
lenses of variable focal length, television 
lighting and large-screen television. 

The third section is concerned with 
color and is subdivided into groups of 
papers dealing with picture composition 
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and color contrast, printing and process- 
ing requirements, and descriptions of the 
Agfa, Eastman, Gevaert and Ferrania 
color systems. 

In the fourth section the results reached 
in the preceding three sections are syn- 
thesized, and in the fifth and last a report 
is given of a special meeting of the French 
office of standardization for the motion- 
picture industry, under the chairmanship 
of Andre Debrie.—D.C. 


60 Ans d’Evolution. With this special 
issue La Technique Cinématographique cele- 
brates its 25th anniversary and, at the 
same time, the 60th anniversary of the 
birth of motion pictures (an event which 
apparently took place on December 28, 
1885). The history and development of 
the industry in France, as well as its con- 
temporary problems, are dealt with in a 


number of articles by some of the leading 
French technicians, while contributions 
from the U.S., England, Germany, Italy, 
Spain and Belgium cover developments in 
those countries. The issue, priced at 600 
francs, is available from La Technique 
Cinématographique, 54 Rue de Clichy, Paris 
9. 


CLASSIFIED ADVERTISING 
First three lines $5.00 
Each additional line $1.00 
per inch $13.00 


DID TOU EVER SPOIL WORK because your lights 
di pectedly? There is a simple, inex- 

si dy—a stant voltage transformer 
which you can afford. Drop us a postcard. M. R. 
Company, Box 1220-FC, Beverly Hills, California. 


SUMMERTIME 


FoR FILM LIBRARIES 1s 
RECONDITIONING TIME 


FOR PRINTS 


Peerless servicing: 


Summer is with us . . . and your prints are out 
of circulation for a while. This is the ideal time 


to have them restored to good condition through 


KEERLESS 


FILM PROCESSING CORPORATION 
165 WEST 46th STREET, NEW YORK 36, N. Y. 
959 SEWARD STREET, HOLLYWOOD 38, CALIF. 
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Then, cleaned up and rejuvenated, your 
prints will be ready for hard use in the fall. 


Send for brochure 


; 

| 

AND CLEANING 

INSPECTION 

SCRATCHES REMOVED... 
gpuices 
perectivE us = 
OR BRITTLENESS cop 

RECTED 
fee ETCHED 
ais st® 


employment 
service 


These notices cre published for the service of the 
membershio and the field. They are inserted 
three months, at no charge to the member. The 
Society's address cannot be usec for replies. 


Positions Wanted 


Experienced photographer seeks job with 
industrial firm. Write to: James W. Chipman, 
Fennimore, Wisconsin. 


Television Studio Floorman. Graduate from 
T.V. Workshop. Anthony Guiffre, 228 East 
112th Street, New York. TR 6-0170. 


Audio-Visual Technician. Young man, mar- 
ried, recently separated from service, seeks posi- 
tion as an audio or visual engineer. Background 
in electronics. A.A.S. in Electrical Technology, 
First Class Radio Telephone License. Served as 
Broadcast Engineer with the Armed Forces Radio 
Service. Desires a position with organization 


in the New York City area. Complete résumé 


upon request. Sheldon Pivnik, 2129 East 14 
St., Brooklyn 29, N. Y. 


Technical Film Sales Consultant. Thorough 
grasp of production technique;. cinematog- 
raphy, recording, editing, animation, lab pro- 
cedure; twelve years’ experience, technical, 
sales and administrative; former independent 
producer; versatile, mature, disciplined, 35 
years; available 7-31-56. What have you to 
exploit “rare bird” potential? Write: CMC, 
c/o Volksoff, 172 West 4th St., New York 14. 


Positions Available 


Kodachrome Laboratory Manager. Berkey 
Photo Service, largest photofinisher for color and 
black-and-white in the U.S., requires services 
of man capable of taking full responsibility for 
installation of complete processing equipment 
for 35mm still and 8mm and 16mm cine films, 
and for supervision of all personnel. Must have 
knowledge and experience for all necessary con- 
trols. Position will be open in early Fall of 1956. 
Five-figure salary to start. Bright future. Please 
write full details of your experience and refer- 
ences. Replies will be kept confidential. Write 
to: B. Berkey, Berkey Photo Service, 77 E. 13 St., 
New York. 


Audio Engineer. Immediate opening in ex- 
panding engineering dept. for man experienced 
in audio work. Chances for advancement. 
Complete employee benefits. Please mail details 
to Personnel Director, Gates Radio Co., Quincy, 
Ill. 


Tripod Perfection ! 


IMPROVED PROFESSIONAL 
JUNIOR TRIPOD™ 


Aways A GREAT Tripop, the new improved 
PROFESSIONAL JUNIOR with the removable head, 


now features the following improvements: 


camera platform. 


N 


right or reverse tilt. 


> 


5. New tie-down eyelets in flange. 


And most surprising, there is No INCREASE IN 
Price. See, test, try Pro Jr.—you'll-never want 


JUdson 6-1420 


to be without it. 
*Patented 


SPLICES NOT HOLDING? 


Try Jefrona all-purpose cement. 
Send for FREE sample. 


. Simplified camera attaching method with 
easily accessible knob—no fumbling under 


. Adjustable telescoping pan handle—make 
it longer or shorter to suit you needs, 


. Additional pan handle sockets for left, 


Larger gripping area and sturdier con- 
struction of tilt and pan locking levers. 


315 West 43rd Street, 


SALES * SERVICE * RENTALS 


16 & 35 mm Motion Picture Cam- 
eras. *PHOTO RESEARCH Color 
Temperature Meters. *Moviola. 
*Neumade and Hollywood Film 
Company cutting room equipment. 
*Hot Splicers. *DOLLIES — Mole 
Richardson and Colortran Lighting 
Equipment. 

Complete line of 16mm and 35mm 
Cameras 


FRANK C. ZUCKER 


EQuipment 


New York 36, N.Y 


Sales Engineer, top grade, needed to contact 
motion-picture studios, labs and ‘government 
agencies. Experience and know-how of operation 
of labs, studios and editing rooms helpful. Must 
be free to travel and have engineering back- 
ground to sell expanding line of Presto splicers 
to the trade and government agencies. Unique 
opportunity for a production man; compensation 
limited only by ability. Drawing account. Send 
resume or phone: Leonard A. Herzig, Prestoseal 
Mfg. Corp., 37-27 33rd St., Long Island City 1, 
N.Y. STilwell 4-6832. 


16mm Laboratory Technician for expanding 
Florida laboratory. Opportunity for supervisor. 
Must be experienced in maintenance, chemicals, 
control, processing of black-and-white motion 
pictures. Color processing experience desired. 
Write full resume, references and salary require- 
ments to P. O. Box 6474, Jacksonville 5, Fla. 


Engineer with knowledge design and installation 
of film developing machines, control equipment, 
etc., to act as consultant. Part time initially. 
Write or phone Paul Klingenstein, President, 
Kling Photo Corp., 257 Fourth Ave., New 
York 10, SP 7-3200; representing Arnold & 
Richter K.G., West Germany. 


Writer-Director for technical and engineering 
films dealing with intercontinental Navaho mis- 
sile and associated systems and equipment. 
College graduate with film production training 
preferred. Three years’ experience writing 
and/or directing factual industrial films required. 
Good salary and company benefits. Work in Los 
Angeles and Florida. Write: E. F. Brunetti, En- 
gineering Personnel, North American Aviation, 
Inc., Downey, Calif. 


Cameramen and Film Editors for technical and 
engineering films dealing with intercontinental 
Navaho missile and associated systems and equip- 
ment. Three years’ experience for cameramen 
and two years’ experience for film editors (male 
or female) required. Good salary and company 
benefits. Write: E.F. Brunetti, Engineering Per- 
sonnel, North American Aviation, Inc.,Downey, 
Calif. 


Designers—for development of a line of fine 
quality electronically controlled motion-picture 
projectors for industrial and educational training, 
Real challenge to engineers who will take part 
from the beginning in new and interesting pro- 
gram, involving projector design problems, 
electronic control circuits, film cooling studies. 
noise and vibration analysis, cost reduction, etc. 
This is a small group where each man can con- 
tribute his creative ideas and see them carried 
through into production. The projectors are 
sold through a subsidiary, The Perceptual De- 
velopment Laboratories, who are producing 
training films and programs for the educational 
and industrial fields. Reply to: Employment 
Manager, White-Rodgers Co., 1209 Cass Ave., 
St. Louis 6, Mo. 


TV Development Engineer. Start $10,000. 
Leading TV receiving antenna manufacturer 
located in metropolitan N.Y. offers excellent op- 
portunity for experienced development engineer 
to head antenna research division. Will be re- 
sponsible for overall supervision of company’s 
antenna development program. Commercial de- 
sign experience plus creative talent essential. All 
answers handled in strictest confidence. If quali- 
fied, send résumé or call collect Mr. Williams, 
DEwey 1-1000, 6101 16 Ave., Brooklyn, N. Y. 


Optical Printer Operator, experienced, needed 
by fast-growing optical house in New York. 
Write: Room 302, 1657 Broadway, New York 
19. 
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Professional Services 


REVERSAL FILM CHEMICALS 
for FILM and TV LABORATORIES 


ATKINSON LABORATORY 
7079 Santa Monica Blvd. 
Hollywood 38, California 


COLORTRAN CONVERTER 
LIGHTING EQUIPMENT 
The most illumination for the least investment 


CROSS COUNTRY RENTAL SYSTEM 
ELIMINATES COSTLY SHIPPING 


write for catalog 


NATURAL LIGHTING CORP, 
612 W. Elk, Glendale 4, Calif. 


MITCHELL CAMERAS 


16mm—35mm—70mm and accessories 
for all applications 
Studios —Industry—Science— Research 
CHARLES AUSTIN 
Technical Representative 
127 W. 50th St., New York 19, N. Y. PL 7-6812 


PHOTOGRAPHIC 
INSTRUMENTATION 


Specializing in 
HIGH-SPEED 
Motion-Picture Photography 
Photographic Analysis Company 
100 Rock Hill Rd., N. I. 


CIRCLE 
FILM LABORATORIES 


Rapid Efficient Service 
CO 5-2180 
33 West 60th St., New York 21, N.Y. 


PRODUCTION 


Cameras, Sound Recordin eo 
Laboratory and Affilia 
Consulting Services by Qualified a 
Domestic and Foreign 


REEVES EQUIPMENT CORP. 
10 E. 52nd St., NYC 


Cable: REEVESQUIP 


Consulting and Development Engineers 
Xenon-Arc Applications 
Motion-Picture Projection 

Magnetic Recording and Reproduction 


Box 1103, Ogden Dunes, Gary, Ind. 
Phone: Ogden Dunes 2451 


WILLIAM 5. Sw SNOW 


Stereophonic Recording 
1011 Georgina Avenue 
Santa Monica, California 

EXbrook 4-8345 


FISCHER PHOTOGRAPHIC 
LABORATORY, INC. 


MErrimac 7-5316 
1731 N. Mobile Ave., Chicago 39 


FILM PRODUCTION EQUIP. 


's largest source ot _supply for prac- 
ally every need for 
ree, Ka and editing motion picture films. 
Domestic and Foreign 
$.0.8. CINEMA SUPPLY CORP. 
Dept. TE, 602 W. 52St., N.Y.C.-Cable: SOSOUND 
Western Branch: 6331 Holly’d Blvd., Holly'd, Cal. 


FILM PRODUCTION EQUIPMENT 
ALES 


RENTALS s SERVICE 
Cameras, Proj rs 
Lighting, Editing, Lab. Equipme: 


Foreign Delive: 
Free Catalogs 
FLOSS 


68 West 45th Si 
Cable: TLORBADS, New York. ‘MU 2.2928 


VIDEO FILM LABORATORIES 
Complete Laboratory 16MM Service for 
Producers Using Reversal Process 
Also 16MM Negative and Positive Developing 
Write for Price List 
Video Film Labs are now located at 
350 W. 50th St., New York 19. JUdson 6-7196 


ROUND-THE-CLOCK MI-SPEED 
SERVICE ON TRI-x, DUPONT 930 & 931 
Over four million feet of film successfully 
essed for TV, School and industry. ben only 
3¢ per foot. 
WE CONVERT AURICON CINE-VOICE 
TO 400 FOOT MAGAZINE | 


HAROLDS PHOTO & TV—Sioux Falls, S. Dak. 


ROCKY MOUNTAIN HEADQUARTERS 
For 16mm Film Services 
Processing—Printing—Recording 
Editing—Production—Rental—Sales 
DuPont, Eastman and Fastax films in stock 
Write for Price List 
WESTERN CINE SERVICE, INC. 
114 E. 8th Ave., Denver 3, Colo. TAbor 5-2812 


Professional cards available to members 12 insertions, 2 x 1 in., $60 
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4 BROADCAST 
DYNAMIC 


MICROPHONE 


Uniform high quality performance 
day-after-day in studio and remote 
pick-ups has proved the rugged 
dependability of the “635”. 
Exclusive E-V Acoustalloy 
diaphragm assures smooth, 
peak-free response 60-13,000 cps 
Output is —55 db. 50-250 ohms 
impedance selector. Tiltable head. 
%"-27 thread. Cannon XL-3 
connector. 18 ft. cable. 

List Price $80.00 

Normal trade discount applies, 


See your Authorized E-V 
Distributor or Write for 
bulletin V68. 


SlechoVorcs 


BUCHANAN MICHIGAN 


at 

| | | 
= 
[PROFESSIONAL MOTION PICTURE 
| 
lity 
: 
ELLIS W. D’ARCY & ASSOCIATES 
USEDON 
j 
AND A 
| 
NO FINER CHOICE THAN i 
453 


. = « 16mm Color Prints 


on the New EK P. 


psitive Stock 


through an Intermediate Negative Stage 


Wov... 


shoot on commercial Kodachrome — 


For information and price list, 


write, phone or wire 


byron 


1226 Wisconsin Ave., N.W. 


prepare on A & B rolls — furnish 


with negative A-wind sound track 


make a color-correct® negative 
incorporating all effects, 


and 16mm color release prints 


; 


SBETTER color 


® PROTECTS your original footage 
COLOR CONTROL complete in one labor- 
3 


sf. atory with a new Arri installation 


> 


laboratory 
Washington 7, D.C. FEderal 3-4000 


COMPLETE PRODUCER SERVICES ... COLOR AND BLACK-AND-WHITE PROCESSING AND PRINTING 
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News Columns 


Advertisers 


Meeting Calendar 


Fall Convention Program ........+. 438 
Elements of Color in Professional Motion Pictures 440 
Cumulative 5-Year Index, 1951-1955 .... 440 
Errata—A Directory for Members, April 1956, 

Engineering Activities. ........+ 44! 
Education, Industry News . ......... 446 
Biographical Note: John Eggert ....... 448 


Camera Equipment Co... ......+.+ 452 
Movielab Film Laboratories, Inc. . . ..... 449 


Annvario del Cinema Italiano 1954-1955, pub- 
lished by Cinedizione, Rome; Photographic 
Optics, 11th revised ed. by Arthur Cox, re- 
viewed by Bernard D. Plakun; Actes du Col- 
loque International: Les Techniques Nouvelles 
Appliquees au Cinema, published by Commission 
Superieure Technique du Cinema, Paris; 60 
Ans d'Evolution, special issue of La Technique 
Cinematographique. 


Peerless Film Processing Corp. . . . .... 451 
Precision Film Laboratories, Inc. ...... . 444 
Reeves Soundcraft Corp. . ......... 447 


National Telemetering Conference: \::. 20-21, Biltmore Hotel, Los 
Angeles 

Western Electronic Show and Cou e:.::0n, Aug. 21-24, Pan-Pacific 
Auditorium and Ambassador Hotel, os Angeles. 

Biological Photographic Association, Aug. 27-31, Powers Hotel, Roch- 
ester, N. Y. 

High-Speed Photography, Third International Congress, including 
exhibit of high-speed photographic and cinematographic equipment 
and instrument aids; sponsored by Britain’s Dept. of Scientific and 
Industrial Research, Sept. 10-15, London. 

American Society of Mechanical Engineers, Sept. 10-12, Denver. 

American Society for Testing Materials, Second Pacific Area National 
Meeting, Sept. 17-21, Hotel Statler, Los Angeles. 

Eleventh Annual International Instrument-Automation Conference 
and Exhibit, ISA, Sept. 17-21, New York Coliseum, New York. 

Theater Owners of America, Inc., Annual Convention, Sept. 19-25, 
Coliseum, New York. 

Industrial Electronics Conference IRE, AIEE, Sept. 24-25, Hotel 
Manager, Cleveland. Ohio. 

Audio Engineering Society, Annual Convention, Sept. 26-29, New York 
Trade Show Bldg., New York. 

New York High Fidelity Show, Sept. 27-30, New York Trade Show 
Bldg., New York. 

Canadian IRE Corvention and Exposition, Oct. 1-3, Automotive 
Bidg., Exhibition Park, Toronto, Ont., Canada. 

National Electronics Conference, Inc., 12th Annual Conference, Oct. 

1-3, Hotel Sherman, Chicago. 


SMPTE Officers and Committees: 


The rosters of the Officers of the Society, its Sections, 
Subsections and Chapters, and of the Committee Chairmen and Members were published in the April 1956 Journal. 


National Association of Educational Broadcasters, Oct. 16-18, Atlanta. 

80th Semiannual Convention of the SMPTE, including Equipment 
Exhibit, Oct. 8-12, Ambassador Hotel, Los Angeles. 

Optical Society of America, Oct. 18-20, Lake Placid Club, Essex 
County, N. Y 

American Standards Association, Annual Meeting, Oct. 22-24, Hotel 
Roosevelt, New York. 

Ninth Annual Conference on Electrical Techniques in Medicine and 
Biology, Nov. 7-9, Governor Clinton Hotel, New York. 

Acoustical Society of America, Nov. 15-17, Los Angeles. 

Radio Engineering Show and IRE National Convention, Mar. 18-21, 
1957, New York Coliseum, New York 

American Institute of Chemical Engineers, Dec. 9-12, Hotel Statler, 
Boston, Mass. 

81st Semiannual Convention of the SMPTE, including Equipment 
Exhibit. Apr. 29-May 3, 1957, Shoreham Hotel, Washington, D. C. 

82nd Semiannual Convention of the SMPTE, including quipment 
Exhibit, Oct. 4-9, 1957, Philadelphia-Sheraton, Philadelphia. 

83rd Semiannual Convention of the SMPTE, including Equipment 
Exhibit, April 21-26, 1958, Ambassador Hotel, Los Angeles. 

84th Semiannual Convention of the SMPTE, Oct. 24, 1958, 
Sheraton-Cadillac, Detroit. 

85th Semiannual Convention of the SMPTE, including International 
Equipment Exhibit, May 4-8, 1959, Fontainebleau, Miami Beach. 

86th Semiannua! Convention of the SMPTE, including Equipment 

Exhibit, Oct. 6-10, 1959, Hotel Statler, New York. 


sustaining omeseces 


of Motion Picture 


rr e b r and Television Engineers 


Acme Film Laboratories, Inc. Kollmorgen Optical Corporation 


Alexander Film Co. Lorraine Carbons 

Altec Companies Major Film Laboratories Corporation 
Animation Equipment Corp. J. A. Maurer, Inc. 

Ansco ; Mecca Film Laboratories, Inc. 

C. S. Ashcraft Mfg. Co. Mitcheil Camera Corporation 

Audio Productions, Inc. Mole-Richardson Co. 

The Ballantyne Company Motiograph, Inc. 

Bausch & Lomb Optical Co. Motion Picture Association of America, Inc. 
Bell & Howell Company Allied Artists Products, inc. 
Berndt-Bach, Inc. Columbia Pictures Corporation 
Bijou Amusement Company Loew's Inc. 

Buensod-Stacey, Inc. Paramount Pictures Corporation 
Burnett-Timken Research Laboratory Republic Pictures Corp. 

Byron, Inc. RKO Radio Pictures, Inc. 

CBS Television Twentieth Century-Fox Film Corp. 
The Calvin Company Universal Pictures Company, Inc. 
Capital Film Laboratories, Inc. Warner Bros. Pictures, Inc. 


Oscar F. Carlson Company 
Century Projector Corporation 
Cineffects, Inc. 

Cinema Engineering Company 
Cinema-Tirage L. Maurice 


Motion Picture Printing Equipment Co. 
Movielab Film Laboratories, Inc. 
National Carbon Company 
A Division of Union Carbide and Carbon 


Cine Products Supply Corporation Corporation 
a Geo. W. Colburn Laboratory, Inc. National Cine Equipment, Inc. 
e Consolidated Film Industries Nationai Screen Service Corporation 
DeLuxe Laboratories, Inc. National Theaters Amusement Co., Inc. 
Dominion Sound Equipments Limited Neighborhood Theatre, Inc. 
Du Art Laboratories, Inc. Neumade Products Corp. 
E. |. du Pont de Nemours & Co., Inc. Northwest Sound Service, Inc. 
: Eastman Kodak Company Panavision Incorporated 
; Elgeet Optical Company, Inc. Pathe Laboratories, Inc. 
; Max Factor & Co. Polaroid Corporation 
i Federal Manufacturing and Engineering Corp. Producers Service Co. 
a Fordel Films, Inc. Projection Optics Co., Inc. 
General Electric Company Radiant Manufacturing Corporation 
ee General Film Laboratories Corporation Radio Corporation of America 
fs General Precision Equipment Corp. Reid H. Ray Film Industries, Inc. 
; Ampro Corporation Raytone Screen Corp. 
Askania Regulator Company Reeves Sound Studios, Inc. 
‘ General Precision Laboratory Incorporated $.0.S. Cinema Supply Corp. 
es The Hertner Electric Company SRT Television Studios 
| International Projector Corporation Shelly Films Limited (Canada) 
J. E. McAuley Mfg. Co. The Stancil-Hoffman Corporation 
National Theatre Supply Technicolor Motion Picture Corporation 
" The Strong Electric Company Terrytoons, Inc. 
E W. J. German, Inc. Titra Film Laboratories, Inc. 
’ Guffanti Film Laboratories, Inc. United Artists Corporation 
Hollywood Film Company Alexander F. Victor Enterprises, Inc. 
Houston Fearless Wenzel Projector Company 
Hunt's Theatres Westinghouse Electric Corporation 
Hurley Screen Company, Inc. Westrex Corporation 
The Jam Handy Organization, Inc. Wilding Picture Productions, Inc. 


Kling Photo Corp. (ARRI Div.) Wollensak Optical Company 
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